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SUI-IMARY 


This  research  identifies  the  uncertain  major  nuclear  effects 


and  assesses  the  feasibility  of  collecting  data  on  a tactical  nu- 


clear battlefield  to  assist  in  clarMying  tnese  uncertainties. 


Whore  collection  was  feasible,  we  evaluated  the  immediate  and  near- 
term  operational  benefits  of  reducing  the  uncertainty.  For  uncer- 
tainties that  passed  both  tests  (data  collection  feasibilisity  and 
operational  benefit),  we  devised  plans  for  collecting  the  data, 
analyzing  it,  and  disseminating  the  analysis  to  user.Si 


From  discussions  with  Science  Application  Inc,,  who  are  plan- 
ning for  underground  testing,  and  with  Stanford  Research  institute,- 
who  are  planning  for  test  readiness,  the  major  uncertainties  are: 

• Effects  of  low  airburst  precursor. 

• Effects  of  blast  and  ground;  shock  from  surface  and 
shallow  underground  burstsj 

• Effects  of  combined  thermal  and  blast  effects  on 
equipment i 

• Effects  of  dust  clouds  on  communications  and  radar. 

• Volume  of  fireball  causing  interference  to  radar 
and  communications. 

• Correlations  among  visible  blast  damage,  casualties, 
and  equipment  damage. 

• Human  response  versus  time  as  a function  of  radiation 
dosei 
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• Effects  of  multiple  injuries  (:blast,  thermal^  and 
radiatioir). 

• Radiation  from  vent  stem  from  shallow  to  deep  subsur- 
face bursts. 

• Adequacy  of  fallout  prediction  system. 

• Loss  of  effectiveness  of  U.S.  units  by  type  as  a 
function  of  percentage  of  casualties." 

» Same  for  enemy  units. 

A.  Wars  Involving  U.S.  Forces 

We  investigated  the  means  that  are  likely  to  be  available  for 
collecting  nuclear  effects  data  in  a-  tactical  nuclear  environment 
involving  U.S,  forces.  This  investigation  was  based  on  current 
organization  and  plans.  We  then  analyzed  (Section  HI)  each  of 
the  listed  effects  uncertainties  to  determine: 

• The  data  required  to  dispeil  of  reduce  the  uncer- 
tainty., 

• The  feasibility  of  collecting  fhe  data. 

• The  inunediate  operational  benefi ts  of  dispelling  the 
uncertainty. 

In  si-:<  cases,  it  was  judged  feasible  to  collec'  the  necessary 
data.  There  also  appeared  to  be  a significant  iirarii'diate  operational 
benefit  from  reducing  the  uncertainty  involved.  These  were  to: 

• Develop  human  response  versus  'time  as  a function  of 
radiation  dose. 


Percent  casualties  that  would  prevent  mission  performance. 


I 


I 

4 

i 

? 


"I 


» Determine  effects  of  mulitaiple  injuries  to  perr 
sonnel. 

• Determine  loss  of  effectisveness  of  U.S.  units  as 
a function  of  casualties^ 

• Determine  adequacy  of  cu&rent  fallout  prediction 
system. 

• Determine  combined  therraai  and  blast  effects  on 
aircraft. 

• Determine  loss  of  effectiveness  of  enemy  units  as 
a function  of  casualties. 

Collection  of  data  on  these  uncertainties  requires  the  foTiowing 
positive  actions: 

• Issue  gamma  neutron  dosimeters  which  will  cover 
the  dose  range  of  interest  to  selected  troops 
(e;.g. , every  third  or  fourth  man) . A small  inex- 
pensive type  is  described  in-  Section  III, 

• Provide  selected  NBC  personnel  at  all  echelons 
with  concise  questionnaires  so  that,  if  the  situa- 
tion permitted,  they  coul'd  be  sent  to  interrogate 
survivors  of  U.S.  units  who  had  suffered  high  radia- 
tion doses  and/or  m.ultipic  injuries. 

Develop  report  procedures  from  division  ahd/of  brigade 
IdGs  to  corps  CBRE  of  casualties  sustained,  equipment 
lost-,  and  recent  experiences  for  units  declafed  combat 
ineffective. 

Develop  division  CBRC  report  procedures  to  corps  CBRE 
for  cases  where  significaht  fallout  occurred,  giitside 
of  the  predicted  danger  areas . 

• Instrument  aircraft  with  plastic  or  paint  strip  that 
wiE‘1  indicate  thermal  exposure  by  change  of  color 
and  with  deformation  type  pressure  gauge  that  will 
record  integrated  pressure. 
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• Develop  a litst  of  special  items  to  be  observed  and 
reported  by  units  attacking  enemy  forces  supported 
by  nucloaT  fi^es.  These  wild  pertain  to  enemy  units 
becoming  inedfective. 

• Develop  special  questions  for  POW  interrogators  that 
will  seek  to  determine  casualties  and  damage  sus- 
tained by  enemy  units  that  become  combat  ineffective. 

• Prepare  £H*l-in-the-blank  type  messages  directing 
changes  in  the  service  weapons  employment  manuals 

(e.  g.^  Army  Field  Manual  101-31:),,.  which  could  be  dis- 
patched to  all  units  in  the  event  mndings  regarding 
effects  uncertainties  required  a change  in  employment 
planning  or  procedures. 

It  would  be  advantageous  to  have  *the  collected  data  analyzed 
at  the  Corps  CBRE^  since  they  are  moderately  close  to  the  data 
sources;  this  would  also  provide  redundancy  (there  are  currently 
two  U.S.  corps  in  Europe).  An  exception  is  that  data  relating  to 
the  vulnerability  of  USAF  aircraft  should  be  analyzed  at  the  Direct 
Air  Support  Center  (DASC).  Findings  on  most  uncertainties  should 
be  cross-checked  amoiit  corps  CBREs  and  with  Army  CBRE  and,  M they 
appear  valid,  should  be  disseminated  via  the  preplanned  messages 
to  all  TOCs,  DASCs,  and  FSCCs  involved  in  nuclear  planning  or  tar- 
geting. Any  findings  on  aircraft  vulnerability  to  combined  blast 
and  thermal  effects  should  also  be  reported  to  all  USAF  and-  Army 
units  operating,  controlling,  or  requesting  aircraft. 

B.  Wars  Involving  Mon-U. S.  Forces 

Sections  II^  111,  and  IV  of  this  report  cover  wars  involving 
U. S.  forces.  Section  V covers  wars  in  which  the  United  States  is 
not  involved.  In  *the  latter  investigation  we  assume  (10  that  a 


Cactical  nuclear  war  has  been  concluded  between  two  (or  more) 
lesser  nuclear  powers  and  (*2;)  that  the  United  States  has  been  al- 
lowed to  send  a team  of  observers  to  that  nuclear  arena.  The  quesr 
tion  is  "Miat  could  the  U.  S.  team  learn  about  the  uncertainties 
that  wcuid  be  of  significant  benefit?" 

Gol3;ection  of  data  on  many  of  them  would  require  instrumenta- 
tion that  would  probably  not  be  present  on  foreign  battlefields. 

In  cases  where  the  United  States  is  providing  military  assistance 
to  potential  participants,  it  might  be  possible  to  incorporate 
some  instrumentation  in  the  equipment  being  furnished. 

However,  even  with  no  instrumentation  some  useful  observations 
could  be  made: 

• Medical  officers  might  provide  data  on  tne  frequency 
of  combined  blast  and  burn  injury  and  on  the  typical 
casualty  rates.  By  ihe  time  the  U.S.  team  arrived 
on  the  scene,  some  symptoms  of  radiation  would  prob- 
ably have  been  diagnosed,  giving  approximate  received 
doses;  hence,  there  might  be  some  data  on  the  fre- 
quency of  total  combined  injury. 

• Discussions  with  operational  commanders  and  staff 
could  provide  data  on  the  loss  of  unit  effectiveness 
as  a function  of  percentage  of  casualties. 

• if  the  battlefield  had  not  be’n  policed  and  if  a 
collaborating  former  participant  would  disclose 
where  specific  yields  had  been  used,  it  might  be 
possible  to  reconstruct  the  scene  and  glean  useful 
data  on  the  vulnerability  of  certain  equipment  to 
blast.  Even  viithout  collaboration,  an  analysis  of 
residual  neutron  Induced  radiation  could  provide  an 
estimate  of  weapon  yield  and  ground  zero  (GZ). 
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Pfeior  planning  would  be  most  important  in  attempting  to  col- 
lect information  from  someone  else 's  war.  Hence,  a study  should 
be  made  to  examine: 

• The  iikely  areas  of  occurrence  and  differing  degrees 
of  cooperation  that  U.S.  personnel’  might  encounter. 

• The  key  personnel  who  should  be  questioned,  their 
attitudes  toward  the  United  States,  and  the  questions 
to  be  asked. 

• The  number  of  observers  desired',  their  qualifications, 
and  the  required  training. 

• The  instruments  and  other  equipment  needed  and  re- 
quirements for  stockpiiingi 


PREFACE 


This  research  was  performed  to  identify  important 
uncertaint-ies  in  tactical  nuclear  warfare,  to  devise 
methods  for  collecting  battlefield  data  on  these  uncertain- 
ties and  *tp  propose  plans  and  procedures  for  cpMecting, 
evaluating  and  disseminating  the  data  to  important  -users. 

The  work  was  a scoping  effort  which  has  provided;  some 
insights  sfchat  should  stimulate  thoughts  in  this  area.  The 
views  and. 'Conclusions  contained  in  this  document  are  those 
of  the  authors  and  should  not  be  interpreted  as  necessarily 
representing  the  official  policies,  either  express  or 
implied,  -pf  Ihe  Defense  Nuclear  Agency  or  the  Ui  S-;  Gpvernment. 
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I lOTRODUCTION 


This  research  identifies  the  important  effects  of  nuclear 
uncertainties,  to  assess  the  feasibility  of  collecting  battlefieTd 
data  that  would  clarify  or  dispel  those  uncertainties,  and  where 
collection  of  data,  from  the  battlefield  was  possible  and  there  were 
significant  benefits,  to  devise  plans  for  collecting,  evaluating, 
and  disseminating  the  data.  Emphasis  was  placed  on  cases  where  in- 
creased knowledge  would  result  in  more  effective  weapon  employment 
with  the  time  span  of  a very  short  war. 

It  was  assumed"  that  any  interference  with  the  combat  effort 
would  be  prohibited,,  that  data  collection  would  require  a minimum 
of  additional  equipment,  if  any,  and  that  the  resources  devoted 
to  this  effort  would  be  austere. 

The  original  concept  was  to  collect  data  on  a U.S.  battlefields 
However,  at  the  client's  suggestion,  a supplemental  concept  was 
added — that  of  what  could  be  learned  by  a team  of  U.S.  observers 
visiting  the  scene  of  a tactical  nuclear  war  or  battle  that  did 
not  involve  U.S.  forces. 


II  EFFECTS  DATA  AVAILABLE  FROM  CURRENTLY 
PLANNED  SYSTEMS 


A principal  source  of  burst  data  (location  and  yield)*  will  be 
the  Nuclear-Biological-Chemical  (NBC)  reports.  The  system  based 
on  these  reports  is  completely  dependent  on  human  observations  made 
with  instruments  that  are  usually  present  on  the  battlefield  (;e.g., 
aiming  circles  and  compassesO^i  In  Appendix  A,  we  present  an  anal- 
ysis of  the  inaccuracies  that  might  be  expected  from  this  system. 
Except  when  there  is  a visible  crater,  the  errors  in  the  location 
of  ground  zero  (GZ)  can  be  on  the  order  of  from  100  to  4’OQ  meters. 

Height  of  burst  (HOB)  will  be  largely  unknown — reporiing  pro- 
cedures distinguish  primarily  between  air  and  surface  bursts.  If 
the  estimated  yield  is  based  on  measurement  of  cloud  diameter,  the 
error  can  be  on  the  order  of  ±‘50%.  If  based  only  on  clcfud:  stabili- 
zation altitude,  one  sigma  accuracy  will  be  about  +1207.,  ^»7.07o. 

The  army  is  developing  an  automatic  nuclear  burst  detection 
system  (NBDS).^  Conceivably  such  a system  could  provide  burst  data 
(GZ,  HOB,  and  yield)  with  sufficient  accuracy  to  dispel  certain 


iReferences  are  listed  at  the  end  of  the  report. 

%y  a detailed  survey  of  neutron-induced  radiation,  of  by  careful 
photo  interpretation,  GZ  could  be  located  to  within  50  to-  lOO 
fneters.  However,  the  basic  approach  in  this  study  is  to  see  what 
could  be  learned  and  used  quickly.  This  concept  does  not  permit 
prolonged,  costly  redigesttoh  of  data. 
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effects  uncertainties  (e,g.,  precursor  effects).  To  avoid  classi- 
fication of  this  report^  the  specified  accuracies  for  burst  data 
from  the  NBDS  are  not  given.  However,  these  location  accuracies 
v?ill  not  be  a substantial  improvement  over  those  that  might  be 
possible  with  the  manual  (NBC)  system  now  in  use. 

The  Army  has  radiac  instruments  and  is  developing  improved 
ones  for  monitoring  fallout.  The  issue  is  generally  six  to  eight 
for  company-sized  units.  These  instruments  can  be  used  for  static 
monitoring  or  for  making  radiological  surveys.  Hence,  there  is 
(and  will  be)  a capability  for  monitoring  that  will  hopefully 
verify  the  accuracy  of  fallout  predictions.  There  is  also  a 
fountain-pen- sized  dosimeter  that  will  measure  received- radiation 
doses  of  up  to  600  rad  (tissue)  gahma,  either  initial  gamma  radia- 
tion or  fallout.  The  basis  of  issue  is  two  per  platoon.  As  is 
discussed  later,  600  rad  (tissue)-  gamma  excludes  important  neutron 
radiation  and  does  not  cover  the  dose  range  needed  to  investigate 
radiation  related  effects  uncertainties. 


Ill  EViNLUATION  OF  THE  FEASIBILITY  OF  DATA  COLLECTION 
ON  UNCERTAINTIES  AND  RESULTANT  OPERATIONAL  BENEFIT 


In  this  section,  we  (1)  list  the  data:  required  to  decrease 
uncertainties  of  effects,  (2)  evaluate  the  feasibility  of  collectr 
ing  that  data  on  the  battlefield,  and  (3)  assess  the  operational 
benefit  of  decreasing  the  uncertainty.  Findings  regarding  uncer- 
tainties were  considered  to  be  of  high  operational  benefit — if  they 
could  significantly  change  damage  criteriai’'  The  results  of  this 
evaluation  are  summarized  on  Table  1. 

As  was  anticipated,  in  many  cases  we  found  that  either  it 
would  not  be  feasible  to  collect  data  on  the  uncertainty  or  that, 
given  the  data,  the  tactical  benefit  would  be  small.  To  emphasize 
the  positive  aspects  of  the  findings,  the  analyses  of  those  uncefr 
tainties  that  might  be  decreased  with  definite  tactical  benefit 
are  presented  first. 

A.  Human  Response  Versus  Time  as  a 

Function  of  Radiation  Dose 

The  uncertainties  about  human  response  as  a function  of  radia- 
tion dose  relate  to  What  dose  will  incapacitate  a person  in  what 
time,  the  degree  of  incapacitation,  and  the  time  the  person  is 


Damage  criteria  specifies  the  level  and  type  of  damage  that  the 
planner  seeks  to  inflict  on  a target. 
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TABLE  1.  SUMMARY  OF  UNCERTAINTY  ANALYSES 


TABLE  1.  SUMMARY  OF 

UNCERTAINTIES , DATA  lUSQUIRED 


Human  response  versus  time  as  a func- 
tion of  radiation  dose. 

Effects  of  multiple  injuries  (blast, 
thermal,  and  radiation). 


Loss  of  effectiveness  of  U.S.  units  by 
type  as  a function  of  percentage  of 
casualties. 

Same  for  enemy  units. 


Combined  thermal  and  blast  effects  on 
equipment. 

Adequacy  of  fallout  prediction 
system. 

Low  airburst  precursor  effectSi 


Shock  from  surface  and  shallow  under- 
ground bursts. 

Blast  effects  from  surface  and  shallow 
underground  bursts, 

-Effect  of  dust  clouds  on  communications 
and  radar. 

Fireball  volume  causing  interference  to 
radar  and  communications. 


Correlation  between  visible  blast  dam- 
age, casualties^  and  equipment  damage. 


(Radiation  from,  vent  stem  from  shallow 
to  deep  subsurface  bursts. 


Chronological  description  of  impairment 
experienced  by  a number  of  men  who  have 
received  a wide  range  of  doses. 

Chronological  description  of  impairment 
experienced  by  a number  of  men  who  have 
suffered  a range  of  mixes  of  multiple 
injuries. 

Percentage  of  casualties  and  recent  ex- 
perience of  U.S.  units  declared  combat 
ineffective. 

Same  as  for  U.  S.  units  above. 


Calories/ cm^^,  static  and  dynamic  pres- 
sures, and  damage^ 

Predicted  pattern  versus  pattern  actu- 
ally experienced. 

Burst  data  (x,y, z,  and  yield),  static 
and  dynamic  pressures. 

Burst  data,  velocities  and  accelera- 
tions-. 

Same  as  for  precursor  effects. 

Reports  of  interference  in  presence  of 
dust  clouds,  type  and  frequency  of 
equipment. 

Measurements  by  radars  of  cluttered 
area^  reports  of  interference  in  pres- 
ence of  fireball,  type  and  frequency 
of  equipment. 

Counts  of  casualties^  survivors,  and 
equipment  damage  with  associated  dis- 
tances from  GZ  to  outer  limit  of  vis- 
ible damage. 

Burst  data  and  doses  received  at  a num- 
ber of  points. 


UNCERTAINTY  ANALYSES 


FEASIBILITY  OF  COLI 

Feasible,  providing  troop; 
with  gamma  neutron  dosime 

Feasible,  with  same  provi 
plus  a survey  team  capabli 
ing  degree  of  burns  and  n 
blast  injuries. 

Feasible — data  are  availa 
and  Div  CPs. 

Feasibility  is  doubtful; 
important  and  some  data  a 
POW  interrogation. 

Possibly  feasible,  with  s 
mentation  on  selected  equ 

Foasible--CBRC  does  predi 
plots  actual  events  from 
ports. 

Not  feasible — burst  data 
pressures  would  require  1 
battlefield. 

Same  as  above. 

Same  as  above 
Feasible. 


Feasible. 


Feasible;  however,  it  woi 
significant  manpower  and 
error  potential. 

Feasible^  assuming  eithei 
luminescent  dosimeters  o: 
issue  dosimeter. 


iRTAINTY  ANALYSES 

TABLE  1.  SUMMARY  OF 


DATA  REQUIKEO 

Logical  description  o£  impairment 
anced  by  a number  o£  men  who  have 
ed  a wide  range  of  doses. 

logical  description  of  impairment 
anced  by  a number  of  men  who  have 
ed  a range  of  mixes  of  multiple 

■33. 

tage  of  casualties  and  recent  ex- 
ce  of  U. S.  units  declared  combat 
ctive. 

s for  U.S.  units  above. 
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UNCERTAINTY  ANALYSES 


I’EASTBILTTY  OF  COLLECTION 

Feasible,  providing  troops  are  equipped 
with  gamma  neutron  dosimeters. 

Feasible,  witli  same  proviso  as  above 
plus  a survey  team  capable  of  diagnos- 
ing degree  of  burns  and  nature  of  basic 
blast  injuries. 

Feasible — data  are  available  at  Bde  and 
and  Div  CPs. 

Feasibility  is  doubtful;  but  answer  is 
important  and  some  data  available  from 
POW  interrogation. 

Possibly  feasible,  with  special  instru- 
mentation on  selected  equipment. 

Feasible--CBRC  does  prediction  and  also 
plots  actual  events  from  monitoring  re- 
ports. 

Not  feasible — burst  data  inexact  and 
pressures  would  require  instrumented 
battlefields 

Same  as  above. 

Same  as  above 
Feasible. 


Feasible. 


Feasible;  however,  it  would  require 
significant  manpower  and  there  is  high 
error  potentials 

Feasible,  assuming  either  the  thermal 
luminescent  dosinwters  or  the  current 
issue  dosimeters 


OPERATIONAL  BENEFI^f 

High — could  cause  significant  change  in 
damage  (or  targeting)  criteria. 

High --same  as  above. 


High — could  significantly  change  tar- 
geting criteria. 

High--enemy  unit  response  may  differ 
from  U. S.  response 

Small  to  medium— effects  on  aircraft 
could  require  special  safety  measure- 
ments. 

Small  to  medium,  in  unlikely  event 
that  current  prediction  system  is  not 
sufficiently  conservative. 

Small 


Small 

Small 

Small— effect  is  transitory  and  reme- 
dial actions  are  limited  to  those  pos- 
sible within  existing  nets. 

Small  to  medium — chief  benefit  would 
be  appreciation  of  radar  blackout 
problem.  Co/.Tmunications  Impact  same 
as  for  dust  cloud. 

Small — it  is  doubtful  that  a battle- 
field survey  would  develop  a signifi- 
cantly different  correlation  than  one 
computed  based  on  EM-1, 

Medium- -would  increase  confidence  in 
troop  safety  distances. 


Incapacitated.  A cause  for  the  uncertainty  is  that  most  current 
data  are  based  on  experiments  with  monkeys  and  is  limited  even 
there.  Predictions  of  human  response  based  on  monkey  response 
may  have  significant  error.  A chronological  description  of  the 
impairment  experienced  by  a number  of  men  who  have  received  a wide 
range  of  doses  is  required  to  fill  this  void. 

Within  a troop  unit  subjected  to  or  near  to  a nuclear  attack^ 
there  will  be  considerable  differences  in  the  doses  received,  be- 
cause of  variations  in  the  postures  of  the  men  at  the  time  of  at- 
tack and  their  distances  from  GZ;  Even  men  subjected  to  a dose 
causing  Immediate  transient  incapacitation’^  (and  ultimately  death) 
will  have  a period  of  partial  recovery.  At  lesser  doses,  even 
though  those  doses  may  ultimately  be  fatal,  there  may  not  be  even 
a temporary  loss  of  capability.  Hence,  it  appears  feasible  to 
interview  men  who  have  been  exposed  to  radiation  to  determine  the 
time  history  of  their  responses. 

A major  limitation  to  such  an  approach  is  the  fact  that  the 
dosimeter  now  issued  to  troop  units  only  reads  to  600  rad  (tissue) 
gamma.  No  neutron  dose  is  measured.  Also,  the  basis  of  issue  is 
two  per  platoon  and,  depending  oh  their  posture,  the  doses  received 
by  the  two  men  carrying  the  dosimeters  might  not  be  representative 
of  the  entire  platoon.  Because  of  the  variances  in  individual  ex- 
posures that  might  occur,  it  would  be  desirable  to  have  at  least 
every  third  or  fourth  man  instrumented.  To  overcome  these  limi- 
tations it  would  be  necessary  to  have  dosimeters  that  would  measure 
both  gamma  ahd  neutron  doses  and  cover  the  dose  range  of  interest 

* - a 

An  early  incapacitation  followed  by  a temporary  period  of  recovery. 
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and  to  have  a representative  sample  of  men  instrumented.  Any 
dosimeter  that  would  permit  meeting  these  requirements  would  suf- 
fice. It  is  known  that  the  U.S.  Army  has  dosimeters  under  develop- 
ment; however  details  as  to  cost,  size,  and  range  of  doses  read  are 
not  known.  As  a matter  of  interest  a small,  cheap  dosimeter  u.sed 
by  ERDA  is  described  below. 

Based  on  informati.on  £rom  a radiological  safety  expert  in  the 

Hazards  Department  at  Lawrence  Livermore  Laboratory,  it  would  be 

quite  simple  and  cheap  (about  20p  per  dosimeter)  to  equip  every 

third  or  fourth  man  with  a thermal  luminescent  dosimeter  that  could 
^ 

read  to  10  rad  (tissue).  The  part  of  the  dosimeter  that  absorbs 
the  radiation  and  provides  the  reading  is  a small  cylinder  of 
special  material  about  1 mm  in  diameter  and  lO  mm  long.  This  cyl- 
inder could  be  enclosed  In  plastic  and  hung  on  a man's  dog-tag  chain. 
Since  the  cost  of  these  tiny  cylinders  is  insignificant,  it  would 
probably  be  desirable  to  enclose  four  cylinders  in  the  plastic  case, 
thus  making  a dosimeter  set  consisting  of: 

• Two  dosimeters  reading  gamma  dose--one  up  to  10^  and 
one  up  to  10^  rad  (tissue), 

• Two  dosimeters  reading  neutron  dose-vsame  levels  as 
above. 

Supplemental  equipment  is  needed  to  read  a dosimeter,  but  it  is 
packageable  in  a size  about  as  big  as  a cased  typewriter  and  could 
readily  be  used  in  the  field.  Because  the  actual  reading  must  be 
taken  at  a site  remote  from  the  wearex*  of  the  dosimeter  (and  be^ 
cause  the  cost  is  small)i,  it  would  be  desirable  to  have  replacer 
ment  dosimeter  sets  available.  This  would  permit  detaching  one 
set  for  reading  and  leaving  a new  unexposed  one  with  the  man. 


Given  gami'sa  neutron  dosimeters,  it  appears  feasible  to  collect 

* data  on  the  variation  of  disability  with  time  as  a function  of  dose. 
Doctrine  requires  that  irradiated  personnel  continue  to  fight  untii 
too  sick  to  do  so.  Ultimately,  however,  the  men  who  have  received 
high  doses  and  survived,  at  least  temporarily,  may  be  evacuated  to 
an  aid  station  or  collected  in  a holding  area,  probably  near  an  aid 

' station.  More  often  than  not  the  tactical  situation  may  preclude 

any  attempt  to  Interview  survivors.  However,  interviewing  a huge 
sample  of  cases  is  probably  not  necessary.  With  some  additional 

i training  and  with  the  provision  of  a questionnaire,  the  NBC  person- 

nel at  company,  battalion,  and  brigade  could  be  used  to  interview 
survivors.  The  questionnaires  would  be  similar  to  the  one  shown 

) 

in  Table  2,  If  data  were  being  collected  oh  radiation  effects  only, 

• the  interviewers  would  have  to  be  careful  to  confine  their  examina- 
tions to  men  who  had  suffered  only  radiation  exp6sure--avoiding  men 
suffering  from  multiple  affectSi  The  time  history  of  the  impairr^ 
ment  experienced  by  a man  who  has  suffered  both  burns  and  an  initial 
radiation  dose  cannot  be  used  as  an  input  to  a study  of  the  impair- 
ment  caused  by  radiation  alone^  A questionnaire  would  be  filled  but 

! for  each  man  interviewed  and  a dosimeter  or  a reading  considered 

representative  would  be  attached  to  a group  of  questionnaires.  De- 

i 

I pending  on  the  time  lapse  since  the  burst,  the  interview  team  might 

I need  to  remain  at  the  aid  station  or  holding  area  for  some  time  to 

i - - - 

observe  and  note  the  onset  of  delayed  responses ^ The  NBC  personnel 
* 

The  next  part  of  this  section  covers  collection  of  data  on  the 
effects  of  multiple  injuries.  If  this  were  done  the  data  col- 
lection wotiid  cover  both  radiation  response  and?  multiple  injuries ^ 

! The  difficulty  in  finding  radiation-only  casualties  suggests  that 

I examining  multiple  injuries  would  be  preferablbi 
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would  return  to  therr  bases,  the  dosimeters  would  be  read  (probably 
at  brigade),  and  the  dose  recorded  on  the  appropriate  questionnaire. 


table  2.  ILLUSTRATIVE  QUESTIONNAIRE 
FOR  INTERVIEWING  RADIATION  VICTIMS 


Were  you  ever  unconscious? 

If  so,  do  you  know  how  long? 

Were  you  nauseated  or  did  you  vomit  after  the  attack? 

How  long? 

Were  you  dizzy  or  unstable? 

Did  you  notice  any  other  specific  debilitations? 

Were  you  burned’  or  injured  by  the  blast? 

In  the  period  immediately  following  the  attack,  did  you  notice  any 
impairment  of  your  ability  to  perform  any  of  the  following  func- 
tions; if  so,,  ’how  long  did  the  impaiment  last? 


NATURE  DURATION 
FUNCTION  OF  PROBLEM  . _.-TIME_ 


Fire  a rifle  or  carbine 

Operate  crew  served  weapon 

Use  binoculars  or  other 
surveillance  device 

Drive  a vehicle  or  tank 

Read  a map 

Operate  a radio 


Did  you  obse^e  Impairments  such  as  the  above  in  others? 
Who  and  nature? 
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The  CJUCStXOnnGX-LGo  couid  tlllGn  bG  GnGlyZGd  to  c]GtGnuI.ilG  WOGfc 
doses  would  cause; 

• Immediate  permanent  incapacitation  for  demanding 
tasks. 

• Immediate  transient  incapacitation  (and  time  dura- 
tion). 

• No  incapacitation. 

If  the  sample  of  men  interviewed  was  adequate,  variances  could  also 
be  determined. 

The  development  of  reliable  data  on  the  time  variance  of  human 
capabilities  as  a function  of  dose  could  have  great  operational 
benefit.  For  example,  if  it  was  discovered  that  a particular  level 
of  incapacitation  coiild  be  achieved  with  2000  rad  (tissue)  in  con- 
trast to,  say,  8000  fad  (tissue) , the  yield  used  could  be  decreased 
by  about  a factor  of  four,  in  some  cases  this  could  be  achieved 
by  using  a smaller  yield'  option  within  a single  weapon  system;  in 
other  cases  this  could- be  achieved  by  using  a different,  smaller 
weapon  system.  Use  of  the  smaller  yield  would  reduce  collateral 
damage  and  would  permit  an  attack  on  targets  closer  to  our  own 
troops.  This  would  be  an  example  of  criteria  that  were  too  stringent; 

There  is  some  uncertainty  as  to  whether  neutron  doses  and 
gamma  doses  are  equal  in  causing  rapid  incapacitation.  Thus,  it 
is  conceivable  that  the  battlefield  data  collection  and  analysis 
could  show  that  8000  fad-  (tissue)  are  needed  to  achieve  what  we 
expected  to  do  with  3000  rad  (tissue).  In  this  case,  yield  would 
have  to  be  appropriately  increased.  In  all  cases,  given  proven 
data,  we  could  operate  with  increased  confidence. 
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In  sum,  the  collection  of  battlelield  data  on  the  variation 
of  human  response  versus  time  as  a function  of  dose  is  both  fea- 
sible and  potentially  of  significant  operational  benefit.  Accord- 
ingly plans  should  be  devised  to  collect,  evaluate,  and  disseminate 
such  data. 

B.  Effects  of  Multiple  In-juries  on  Personnel 

To  assess  the  potential  importance  of  multiple  injuries,  a 
separate  analysis  was  made  of  the  significance  and  frequency  of 
multiple  injuries.  This  analysis  is  presented  in  Appendix  C.  In 
this  analysis  we  found  that  multiple  injuries  increased  the  prob- 
ability of  death,  and  that  there  would  be  numerous  multiple  in- 
juries. 

This  uncertainty  is  actually  an  extension  of  human  response 
versus  time  as  a function  of  radiation  dose.  In  this  extension 
we  consider  blast  injuries  and  thermal  effects  (burns),  as  well 
as  radiation  dose^  The  data  required  are: 

• A chronological  description  of  the  impairment  ex- 
perienced by  a number  of  men  who  have  received  com- 
binations of 

- A wide  range  of  radiation  doses. 

- A range  of  percentages  of  their  bodies  subjected 
to  second  and  third  degree  burns. 

- A range  of  blast  injuries  (both  as  to  type  and 
cause). 

j 

• Unit  activity  and  individual  posture  at  the  time  of 
attack. 
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As  is  described  in  Appendix  C,  when  a unit  is  subjected  to 
nuclear  attack^  it  is  likely  that  men  will  be  Injured  by  blasts 
some  will  be  burned,  and  some  irradiated.  By  our  doctrine  we  tend 
to  target  for  a single  effect--blast,  thermal  (rarely),  or  radia- 
tion, Considering  only  the  one  effect,  we  may  seriously  under^ 
estimate  the  total  damage  inflicted.  Hence,  knowledge  of  multiple 
injuries  could  give  us  valuable  insight  into  the  real  status  of  an 
enemy  unit  we  have  attacked  or  one  of  our  units  attacked  by  the 
enemy. 

In  some  ways  it  may  be  more  feasible  to  collect  the  data. .needed 
to  solve  this  uncertainty  than  it  was  for  the  previous  uncertainty, 
which  was  only  concerned  with  radiation  dose.  As  we  pointed  out, 
a time  history  of  the  impaifineht  suffered  by  a=  man  who  has  received 
an  initial  radiation  dose  and  whose  body  has  suffered  significant 
burns  (or  whose  arm  is  broken)  cannot  be  used  as  an  input  to  human 
response  versus  time  as  a function  of  radiation  dose.  However,  if 
the  collecting  team  interviews  an  adequate  number  of  men  whose 
bodies  have  suffered  07.,  107o^  207»,  and  so  on  second  and  third?  de- 
gree burns  ('and  similar  varied  levels  of  blast  injury),  the  data 
generated  may  dispel  both  uncertainties.  The  data  from  the  men  with 
07c  burns  and?  ho  blast  injury  will  be  used  to  answer  the  question  of 
impairment  versus  time  as  a function  of  radiation  dose,  while  the 
data  from  those  burned  and  injured  by  blast  will  help  to  dispel  un- 
certainties on  combined  effects.  Because  we  would  then  be  measuring 
percentage  and;  degree  of  body  burns  and  diagnosing  blast  injuries, 
the  qualifications  for  the  interview  team  would  increase.  The  team 
members  must  be  able  to  distinguish  between  degrees  of  burns  and 
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estimate  the  percentage  of  the  body  that  the  burns  cover^  and  -they 
must  be  able  to  identify  the  nature  and  severity  of  blast  injumes. 

Analysis  and  evaluation  of  the  data  collected  will  be  somewhat 
more  complex  than  in  "initial  radiation  only"  cases.  With  the  data 
collected  here,  one  can  estimate  the  percentage  of  a troop  unit  ex- 
posed to  thermal  radiation  as  a function  of  unit  activity  and  the 
variance  in  that  percentage.  Also,  the  data  concerning  0%  burn  and 
zero  blast  injury  cases  can  be  segregated  to  provide  answers  for 
questions  in  "radiation  only"  cases. 

The  operational  benefit  would  be  greater  than  that  for  human 
response  versus  time  as  a function  of  radiation  dose.  Given  re- 
liable data  on  multiple  injury  effects  and  on  the  expected  percent- 
age of  a unit  exposed  to  thermal  effects,  we  could  take  into  ac- 
count thermal  effects  and  multiple  injury  effects  in  our  targeting 
and  in  post  strike  analyses.  Thus,  all  of  the  operational  benefits 
descrijbed  under  the  previous  uncertainty  would  be  realized,  and  the 
accuracy  of  our  planning  should  be  greatly  increased. 

C.  Boss  of  Effectiveness  of  U.:S._  Units  as  a 

function  of  Casualties 

Erobably  commencing  with  ORO%T-289,  a number  of  studies  ’have 
sought  to  determine  the  percentage  of  casualties  that  a unit  must 
suffer  to  cause  it  to  lose  its  combat  effectiveness.  This  original 
study  examined  cases  of  U. S.  infantry  battalions  in  WWII  and  ar- 
rived=  at  percentages  of  casualties  for  two  types  of  offensive  ac^ 
tion  breaking  points  and  one  defensive  action  breaking  point. 

Other  similar  studies  examined  Korean  and  Vietnam  experience  and 
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arrived:  at  rather  similar  findings.  Despite  the  caveats  in  the  ORO 
studjr^  its  results  (slightly  modified)  were  assimilated  into  U.S. 
Army  targeting  practices.  In  fact,  an  aura  of  near  magic  attaches 
to  a casualty  figure  of  between  30%  and  40%,  and  few  users  are  fa- 
miliar with  the  source  studies  on  which  these  numbers  are  based. 

There  are  several  resultant  weaknesses  in  our  targeting.  All 
of  the  case  histories  that  served  as  inputs  to  these  studies  in- 
volved nonnuclear  war,  and  the  casualties  were  sustained  over  a 
period:  of  from  a number  of  hours  to  as  long  as  two  weeks.  In 
contrast,  casualties  caused  by  a nuclear  attack  would  in  large 
part  be  virtually  instantaneous,  (ihe  realization  and  recognition^ 
of  all  initial  or  residual  radiation- casualties  would  last  for 
daysi)  Secondly,  casualties  in  cohyehtional  conflict  are  often 
not  directly  associated  with  equipment  damage  (tanks  being  an  ex- 
ception) whereas  most  nuclear  attacks  that  caused  significant 
casualties  would  also  damage  equipmentr-thus  increasing  loss  of 
effectiveness,  finally,  despite  the  fact  that  the  principal  source 
study  focused  on  infantry  battalions^  the  307»  to  AQ%  figure  has 
been  used  on  units  ranging  from  platoon  to  theater  forces;  it  seems 
very  unlikely  that  the  criteria  that  defeats  a battalion  will  also 
apply  to  the  defeat  of  a platoon  or  a theater  force.  Thus,  there 
are  major  uncertainties  regarding  what  level  of  nuclear-inflicted* 
casualties  will  cause  various  types  and  sizes  of  units  to  lose 
their  combat  effectiveness. 

The  data  required  to  resolve  these  uncertainties  are; 

• A listing  of  units  (designation,  type,  and  size) 

that  are  declared  combat  ineffective,  the  percentage 
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of  casualties  that  each  suffered,,  and  a descrip- 
tion of  equipment  damage. 

• A brief  description  of  the  near-term  prior  expe- 
rience of  these  units  (prior  casualties,  exhaus- 
tion, and  the  like). 

• For  each  unit,  the  time  at  which  it  was  declared 
ineffective  and  the  time  (if  ever):  that  it  was 
again  considered  combat  effectivei 

Most  of  the  foregoing  data  could  be  collected  from  regular 
reports  that  would  be  received  at  brigade  and  division  command 
posts.  It  would  probably  be  desirable  in  selected  cases  to  visit 
the  stricken  units  to  verify  the  casualty  figures  and  equipment 
damage.  In  the  confusion  of  such  a situation,  the  reporting  might 
well  be  inaccurate^.  However,  if  the  focus  of  the  effort  were  on 
units  declared  inef-fective  even  though  they,  had  suffered  less  than 
50%  casualties,  it  should  be  possible  to  collect  the  essentiai 
data. 

The  Technical  Project  Monitor  suggested  that  a unit's  break- 
ing point  might  be  from  equipment  damage  as  well  as  casualties; 
However,  two  factors  argue  that  this  investigation  should  be  in 
terms  of  percentage  of  casualties.  First)  there  will  often  be  a 
close  correlation  between  percentage  of  casualties  and  damage  ^to 
equipment;  hence,  making  the  assessment  in  terms  of  casualties 
does  not  ignore  equipment  damage.  Second),  the  operational  reports 
concerning  the  nuclear  attack  and  the  damage  inflicted  will  tend 
to  be  more  accurate  on  casualties  than  oh= equipment — a commander's 
first  concern  is  his  men.  Therefore,,  the  basic  concept  of  index- 
ing the  breaking  point  to  casualties  i s -retained. 
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The  operational  benefit  coul:d  be  significant.  Our  targeting 
criteria  might  be  ;far  too  stringent.  In  that  case,  assuming  that 
enemy  unit  response  was  similar  to  ours,  smaller  yields  could;  be 
used,  and  collateral  damage  and  risk  to  our  forces  would  be  re- 
duced. Conversely,  if  we  found  that  current  criteria  were  inade- 
quately low,  we  could  use  larger  yields.  In  either  case,  we  would 
gain  increased  confidence  in  our  targeting.  The  findings  would 
also  provide  some  quasi-quantifiable  data  on  the  psychological 
impact  of  nuclear  weapons. 

D.  Loss  of  Effectiveness  of  Enemy  Units  as. a 

Function  of._Casualties 

Since  an  enemy  unit's  response  to  sudden^,  :heavy  casualties 

>v 

might  not  be  simii'ar  to  that  of  a U.  S,  unit,  it  would  be  desirable 
to  ^have  separate  data  on  the  percentage  of  casualties  that  would 
cause  enemy  units  to  become  combat  ineffective,  and  for  how  long. 
The  fype  of  data  required  would  be  essentially  the  same  as  that 
required  to  determine  the  breaking  point  for  U.S.  units. 

Collecting  meaningful  data  on  loss  of  effectiveness  on  enemy 
units  would  be  difficult.  Even  in  the  uncertain  event  that  U.S. 
forces  overran  major  enemy  headquarters,  there  would  be  no 


•k  _ 

At  any  given  time  in  history^  the  combat  performance  and  stamina 
of  troop  units  varies  considerably  with  nationality.  For  example, 
during  WWII  Wave i'i,  with  36, 000  Commonwealth  forces,  virtually 
destroyed  an  Itaiian  force  of  s250, 000.  Yetj  the  subsequent  in- 
jection of  two  German  divisions  into  that  theater  nearly  reversed 
the  course  of  that  war. 
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assurance  that  the  pertinent  records  would  be  recovered  and  prop- 
erly interpreted.  Some  relevant  information  could  probably  be 
obtained  in  POW  interrogations.  Also,  when  U.S.  units  mounted 
counterattacks  supported  by  nuclear  weapons,  enemy  casualties 
could  be  estimated  with  some  accuracy  and  correlated  with  the  ef- 
fectiveness of  enemy  opposition  to  the  attack.  Even  though  the 
ability  to  acquire  sufficient  data  from  which  to  form  accurate 
conclusions  is  uncertain,  the  cost  of  attempting  to  acquire  it  is 
small.  Some  key  questions  could  be  asked  by  POW  interrogation 
teams  and  certain  relevant  matters  would  be  in  after-action  re- 
ports. 

If  the  data  were  obtained,  the  operational  benefit  would  be 
high  because  we  could  then  target  the  enemy  with  more  confidence i 
Hence,  plans  should-  be  made  to  collect  pertinent  data. 

E.  Combined  Thermal^and  Blast  Effects 

Equipment  that  has  been  heated  by  thermal  effects  may  become 
more  vulnerable  to  blast.  The  data  required  for  a variety  of 
equipments  are: 

*y 

• Calories/cm 

• Overpressure  and  dynamic  pressure. 

Strips  of  paint  on  equipment  or  attached;  pieces  of  plastic 
that  change  color  with  heat  could  permit  the  amount  of  thermal 
exposure  to  be  determined.  Crush  or  deformation  type  gauges 
could  be  attached  to  permit  the  reading  of  the  total  or  integrated 
pressure  experiencedi  Damage  would,  of  course,  be  observable. 
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Again  installing  instruments  to  measure  dynamic  pressures  would 
be  expensive  and  their  durability  would  be  questionable.  However, 
in  many  cases  the  total  pressure  wopld  be  the  phenomenon  of  in- 
terest. Hence,  collection  of  meaningful  data  on  the  battlefield 
is  deemed  feasible. 

Given  that  data  collection  is  feasible,  what  is  its  opera- 
tional value?  Most  of  the  ground  force  equipment  that  is  targeted 
for  its  own  sake — tanks,  vehicles,  and  artillery-- is  not  the  equip- 
ment that  might  be  seriously  affected  by  this  double  exposure,  fhe 
equipment  most  likely  to  be  affected? is  semisoft  equipment — radios, 
microwave  repeaters,  radars — usually  treated  as  bonus  targets. 
Hence^  improved  knowledge  of  combined  effects  on  this  equipment 
would  riot  be  importarit  operationally_i 

Air  weapon  systems  present  different  problems.  The  high- 
performance  aircraft  itself  could  be  vulnerable  to  the  combined 
effects.  However,  the  data  collected  in  the  case  of  aircraft  would 
tend  to  be  negative.  If  a plane  exposed  to  a nuclear  environment 
returned  to  base  and  the  instrumentation  showed  the  thermal  and 
total  blast  exposure,  we  would  know  that  these  combined  levels 
were  not  lethal.  Analyses  of  data  from  surviving  aircraft,  com- 
bined with  data  on  the  environments  encountered  by  aircraft  that 
were  Ipst^  might  indicate  which  combinations  of  blast  and  thermal 
levels  were  lethal,  -if  this  proved  true,  we  might  need  to  modify 
our  air  tactics  to  provide  safety  from  out  own  bursts.  In  sum- 
mary, full  knowledge  of  the  combined  effects  of  thermal  and  blast 
could  charige  our  estimates  of  safety  criteria  for  aircraft,  thus 
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leading  to  some  modification  in  tactics.  UencCj  the  operational 
benefit  of  these  studies  might  be  smali  or  medium. 

F.  Adequacy  of  Fallout  Prediction 

Field  Manual  3-22^  describes  what  is  believed  to  be  a very 
conservative  faliout  prediction  system.  If  the  system  operates 
as  intended^  the  areas  that  it  predicts  as  hazardous  will  more 
than  encompass  the  areas  that  are  actually  hazardous.  (There 
probably  will  be  areas  within  these  predicted  hazardous  areas  that 
are  safe. ) However,  gross  underestimation  of  the  yield  of  an 
enemy  weapon  could  result  in  underestimation  of  the  size  of  haz- 
ardous area.  Therefore  the  actual  performance  of  the  system  would- 
need  to  be  veriEied  by  comparing  the  predicted  pattern  with  the 
actual  pattern.. 

The  division  GBRC  does  the  fallout  prediction.  It  also  plots 
actual  fallout  patterns  based  on  monitoring  and  survey  reports 
from  division  units.  Thusj  the  collection  of  the  required  data 
is  planned  for  in  current  doctrine. 

The  principal  benefrt  of  verifying  the  adequacy  of  the  system- 
would  be  increased  confidence.  In  the  unlikely  event  that  signifiS 
cant  fallout  was  discovered  with  any  frequency  outside  of  the  pre- 
dicted hazardous  area,  additional  buffer  zones  could  be  added 
immediately.  The  overall  benefit  is  judged  to  be  mediums 
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G. 


Precursor  Effects 


Precursor  uncertainties  are  related  to  the  static  and  dynamic 
.pressures  associated  with  a=  low  air  burst  that  generates  a pre- 
cursor wave.  The  data  that  would  be  required  to  dispel  the  uncer- 
tainties include: 

• Knowledge  that  a precursor  wave  occurred. 

• Burst  location  (x,.  and  z)  and  yield. 

• Local  terrain  and  meteorological  data. 

• Static  and  dynamic  pressure  readings  at  a number 
of  points  (adequate  sample)  distributed  over  the 
area  affected. 

To  obtain  such  data-  would  require  a major,  sophisticated  in- 
strumentation effortr-fasts.fesppnse  dynamic  pressure  gauges  capable 
of  measuring  pressure  versus  time,  an  accurate  burst  detection  and 
ideation  system,  static  pressure  gauges,  surveyed  instrument  loca- 
tions^ and  the  like. 

In  DNA  EM-1,  the  reliability  of  predicted  distances  for  peak 
bverpressure  from  nonprecurspr  bursts  is  typically  iA-5%  while 
reliabilities  for  peak  dynamic  pressures  can  be  from  =50%  to  +100%, 
•depending  on  the  pressure  and  surface  involved.  These  .predictions 
are  based  on  atmospheric  tests  where  the  GZ  and  HOB  weie  known,  the 
yield  was  usually  known  within  ±10%,  and  sophisticatedi  instrumenta- 
ition  was  used  to  record  pressure  data. 

* 

In  contrast,  errors  in  data  collected  on  the  battlefield  can 
!be  expected  to  be  from  l00*'to  400  m in  GZ  location,  and  estimated 

See  Appendix  A. 
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yield  may  be  seriously  in  error.  HOB  data/will  show  only  surface 
or  air  burst.  Further,  as  troops  are  now, Equipped)  there  are  no 
instruments  for  reading  any  type  of  pressure.  Hence,  without  add^ 
j:ng  extensive  supplementary  equipment,  there  is  no  capability  to 
acquire  data  that  would  improve  our  knowledge  of  ipfecursor  effects. 
Further,  instrumenting  the  battlefield  is  not  an  attractive  con- 
cept. 

Gonceivably,  a simple  crush- type  gauge  could-  be  built  and 
attached  to  selected  equipment  items.  These  might  permit  total 
pressure  to  be  estimated- -but  not  -dyhamic  pressure  alone  (which  i»s 
important  in  precursor  effects).  Any  widespread; -use  of  more  so- 
phiisticated  instrumentation  would 'be  expensive.  M-so,  in  genera^ 
the  more  sophisticated  the  ihstfument,  the  greater  would  be  its 
vulnerability  to  damage  in  ordihafy.  military  usagSi 

In  summary)  expected  inaccufapies  in  burst  data  and  the  in- 
feasibility of  instrumenting  the  ■battlefield  argue  'that  battlefie'ld 
data  that  would  improve  our  understanding  of  precursor  effects 
could'  not  be  collected. 

In  any  event)  the  operational  benefit  of  perfect  knowledge 
of  -precursor  associated  effects  wquld  not  be  draMt-ic,  Operating 
with  systems  with  fixed  yield  options,  it  is  doubtiul  that  perfect 
knowledge  would  cause  a choice  of  a-  different  yieid  Chan  the  one 
chosen  on  the  basis  of  current  knowledge.  Hence),  -uhcertainties 
regarding  precursor  associated  ei^ects  will  not  be  examined  further ^ 
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H. 


Blast_andi  Ground  Shock  E££ec:ts_£rom  a Surface 
and  ShaTflow  Underground  Burst 

The  dacai  itequrred  to  study,  ithe  effects  of  a sfialifow  under- 
ground burst  would  be; 

• knowiedge  that  the  burst  was  shallow  or  underground. 

• Locatsilon  of  GZ  and  yiel-di. 

■»  Local  ifcelrain  and  meteqfqiogical  data. 

• Static  and  dynamic  pressures  (versus  time')i  anl  veloc- 
ities and  accelerations  at  a.  number  (adequate  sample) 

/f  points  distributed  over  the  affected  areaj. 

Most  of  the  discussion  under  P.recufsor  Effects  is  .also  pertinent 
here.  Because  ground  shock  is  included^  the  required’  instrumenta- 
tion would! -be  *even  more  complex  •(•accelerometers  and*  velocity  gauges^*. 
Accordingi^y.  (the  conclusion-  is  1-he  same:  collecttph-  oi  useful  data 

on  the  battie!f-ield  would  not  be  :practica‘ble. 

I.  Effect-.idf_:lXJSt  Clouds,  oh-Gonmninicatlcns  anu  Radar 

Although-  it  is  thought  that  dust  clouds  willl  .ayse  some  interB 
ference  with  iadio  and  radar  operations,  the  xtent  ayd  duration  of 
this  iritefference  is  not  welt  understood.  The  data,  heeded  to  in- 
crease understanding  can  be  obtained  from: 

• Reports  of  link  outages^,  interferences^  or  •clutters 
in  the  presence  of  nuclear  dust  cloudsj  -andMt-heir 
dUra^phs. 

• Type  and  operating  frequfhcy  of  affected; -squipment. 

Giveh>  the  ipresence  and'  characteristics  of  a dust  cloud,  per- 
sons using  -radios  or  radars  woul^s  report  the  time  ^duration  of 
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outages  or  Interferences  on  linksi  Some  radars  could  measure  the 
size  and:  duration  of  the  clutter  patch?.  £f  these  data  were  logged^ 
and'  assembled  at  the  CBRC^  they  couids  ilater  %e  analyzed  to  improve 
ihsiight  into  the  dust  problem,  fhus^  data  collection  is  deemed 
feasible?. 

Since  dust  moves  with  the  wind^.  any' iproblems  created  will  be 
trahsitory..  Where  radio  nets  are  temporarily  blocked^  SOPs  should- 
specify  alternative  routings  (ihcluding  srelaying  of  messages).  If 
a sradar  operator  finds  a significant  ampurit  of  his  assigned  search 
se;c.bpr  cluttered,  he  could  report  ihat  fto  lls  controlling  echelohj 
which  -in;  turn  should  tfiodify  the  sealch  s.ectprs  of  other  radars  so 
as  lo  ;prb'vide  adequate  coverage. 


She  major  point  is  that  ihe  ■culgeh.t  sy.stems  are  already  prer 
ipatedi'to  take  remedial  action  when  <troubies  (such  as  equipment 
oUtagesO’  pccUr,  and  they  will  do  'thls  dif  dust  creates  troubles. 

_ "V  ' 

?Eurther-,-  ‘because  of  the  temporary  ‘hatufe  of  the  problem  and-  be? 
cause  of  ..possible  remedial  actions  ielng- limited:  to  those  that 
■can  ibe  Undertaken  with  the  equipment  .iiready  deployed  on  the  bat- 
tlefieldj.  .there  is  little  more  that  gpuldi  be  done.  Therefore, 
increased*  knowledge  of  problems  .geherated'iy  dust  will  be  of  small 
iifmediabe  operational  beneiit. 

3i  iEireball  Volume  Causing  Interferehce^to  Rada r 
andLiCommu  hi  cations 

Nuclear  fireballs  may  block  both' ■fadar  and  radio,  lurther- 
mpfej,  ionizatioh  and  particulate  .mat-ter  pUtside  of  the  visible 
fiieball  may  catise  the  volume  that  ititerrferes  with  EM;  propagation 
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tfcp ’be  considerably  larger  than  the  y^isibte  fiireball  The  informas 
tion=  heeded=  to  increase  our  knowledge ‘base  is: 


Measurements  of  apparent  &i:ebaii  size  by  radars, 
preferably  by  radars  of  each- sfirequency  present  on 
the  battlefield. 

S’  Reports  of  radio  link  outages  of  interference  in 
fhe  presence  of  firebails,,  and;  the  duration  of 
fhose  effects. 

• Type  and  operating  frequency  of  affected  equipments 

•The  nradar  measurements  of  the  iflffiebali  should  be  obtainablei. 
They  ■couid.  be  made  at  the  same  time  f that  .radar  6bserA?ations  are 
•being- ■made  to  determine  ground*  zerd*  Radio  link  outages  shouid! 
aisp  !be  ieadily  obtainable.  Howe.v.e%:  fadio  reports  wi-il  only  ipfos- 
vide  a.  nraasure  of  the  ovefaii  seveEity  of  f he  problem;  they  wiii 
■■hpt  ipefmit  precise  estimates  pf  the  size  pf  the  interference  ypl= 
•umesswhose  size  wili  vary  with.  equipignt  frequency. 

The  operational  benefit  is  much. 'the  same  as  that  fpr  dust 
•cipudi  interference.  Because  of  sthe  'Cise  of  fhe  firebalif,  the  .ef? 
feet  *wiiil  again  be  transitory^  andi  again  system-  eiements  wili  iake 
SOE' ifemedia.  actions.  Better  *khbwiepge  pf  the  size  of  the  inter? 
fering-  volume  wouid  permit  lmpfpve^*!pianhihg  for  the  impact  of  puf 
owhiiBufsts  oh  radar  operatlonss  The  ienefit  is  judged  to  be  snmW 
fo;^diums- 


ik.  iGorreiation  Among  :Visibie:^Damage--2toL:Structures.  Tree 
!BlpWdown.  Personnel  Casualtiess^ahdLjEquipmeht  Damage 

®f  fhete  were  an  estabitshediicpifeiatiph  between  damage  vis= 
ibii  f f pnl-  rhe  air  and  damage  hot  feadily  visible,  the  accuracy.  p| 
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rpoststrikc  . nalysis  from  aa  aiccrallt  (A/isual  or  phpfep?)» 'would  be 
enhanced.  The  data  requlfedsio  establish  a correlafetph  would  be; 

Estimated  counts  qif  casualties  and  survivors  -with 
associated  distances  from  GZ  to  the  outer  limits 
of  equipment  damage^,  damage  to  structures,  and; 
t cee  blowdown. 

• Estimated  counts  of  darnage  to  equipment  essOcl? 
ated  with  distances  irom  GZ  to  the  outer  limits 
of  damage  to  structures  and  tree  blowdown^ 


DNA  EM-1  has  effects  data  on  tree  blowdown,  blait  daniage  to 
structures  and  vehicles,  and* damage  criteria  for  .personhel  from 
various  effects.  Hence,,  a corf  elation  could  be  deveipped* 'between 
■visible  and  invisible  ‘blast  iamage  and  casyalties  'based-  on  EMrl, 
and'feo  use  this  in  postsferlke  analyses.  One  shoftcpmlhg  of  such 
a.  caicuiated  correlatlpn^  as  Opposed -to  one  develppeidi  ;by-  actual 
survey  on  the  battlefield^.  Is  *^at  it  would  necessaSJi’y  Ignore 
casualties  arising  from  mui'tipi'e  ef fee  (e.g.,  biast  and' thermal). 

M;so^,  it  would:  not  reMect  >the  ■casualties  caused*  by  (the  environment, 
slich  as  men  hit  by  flj^ihg  debris  and  equipment. 

A possible  method?  for  cplilecting  battlefields  dataiwpuld;  be  to 
sends  a ground  survey  party  -down!  a swath  from  the  outer  limit  of 
visible  damage  to  the  zone  ■of  itptal  destruction -(people  and  equips 
ment;)..  However,  there  are  sevefal  difficulties.  Some  casualties, 
at  least  the  walking  woundedj  will  have  been  evacuated^  ‘Unless 
idPsimeter  readings  are  avaifl.'able,  the  lower  dose  fadlatlPh  casu- 
alties may  not  be  identlfiedi  as  casualties.  Tihall^,  with  sitiaH 
'Weapons^  radiation  effects  cwil.*!  ;be  dominant  ai>d;  the  ylslble  results 
of  the  blast  will  be  confined?  fp  a small  area.  The  drpprpff  in 
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bl'ast  as  yield  is  reduced*  suggests  that  there  woAi'ld'  be  problems 
in  scaling  the  correlatidh  'between  visible  blast  damage  and  casu- 
altieSi  Thus,  data  collection  seems  feasible  but  there  are  signifi- 
-cant  possibilities  of  cferori 

As  previously  indicated^,  the  chief  operabipnal  'beneilt  of  de- 
veloping such  a correlaM’dh  would  be  to  obtain  more  accurate  post- 
strike  analyses  based  on  visual  observation  of  photos  from  an 
aircraft.  However,  simply  eyeballing  the  area  of  devastation,  or 
examining  photos  of  it,,  would  tend  to  be  imprecise.  Such  a method 
•would  lack  refinementT-sfpf  example,  an  air  observer  might  hot  be 
exact  about  the 'types  of  irees  blown  down.  Hencej,  unless  the  cor- 
ieiations  established* ‘by- *babtlef±eld  surveys  were*  dramatically 
'bpbter  fhan  the  corfelatidns  derived  from  EM=4n  ‘t-h#  poststrike  analr 
ysis  based  on  the  former  cOf-felatlon  would-  pfobibiy  be  only  moderr 
ately  better  than  those ’based' on  ah  EMrl  correia^'oh-,.  The  complexi- 
ties of  multiple  effects  ;pfeclude  absolute  judgment  as  io  the  degree 
of  improvement.  If  the  ‘Mhdtngs  of  the  postsfcfike  analyses  do  not 
•differ  greatlv;,  operational  decisions  based  Oh  the  analyses  will  not 
'be  much  different.  Therefore,  the  operational  'benefit  of  having 
a.  correlation  based  oh- a- battlefield  survey  is  judged'  to  be  small 
■to  moderate.  Since  fhe  .resources  available  for  -collection  of  ef- 
fects data  on  a tactical  ihuclear  battlefield'  wiMj  le  small,  we  liave 
■developed  no  plans  for  suweys  to  establish  the  correlations. 

In  the  foregoing  anaiysis.^  we  considered'  correlations  among 
yisible  damage  and*  casualties  that  could  be  derty^ed=-  from  data  now 
available  in  Efl-1.  Np  sooh*  correlatioh  data;  are  ipfesehted' in 

yet,  having  such:  oopntelation  would  bO  quite  beneficial  in 
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making  postsfcti'ke  analyses.  Accordingly^  we  recomraend^'that  such 
correlations  be  developed  and  incorporated  Into  EMrli.  Ihe  correla- 
tions should  show  the  anticipated-  elf ects  on  personnel  and  equip- 
ment as  a function  of  visible  damage  to  structures  and-:  trees. 
Different  cor^felations  may  need  to 'be  developed  for -different  wea- 
pon designs,  A :preliminary  analysis  developing  such,  correlations 
is  presented  in.  Appendix  B. 

L.  kadiationiJffom  a Vent  Stem 

The  radioactive  debris  etupfeihg  from  a shallow  -df  deep  under- 
ground burst  generates  an  unknown,  amount  of  initial  iadiation.  The 
data  required*  to  understand  this  jphenomenon  aret 

• Burst  daterr.grouhd  zeroy  depth  of  bursty  and* 'yield. 

• initial  dose  received  at  a.  .number  of  .point-s  at 
varying  distances  from  Ihe  atem. 

The  crater  wquld  be  used  to  locate  ground  zero.  A suppressed 
thermal  flash  wduid  indicate  that  it  was  a subsurface  iljrst.  An 
approximation-  of  yield  and  depth  of  burst  could  be  based  on  crater 
size  and  depth-; 

Assuming- ithat  troops  were  -weaflhg  thermal  luminescent  dosim- 
eters, the  simplest  method  of  determining  the  radiated-  dose  would? 
be  to  collect -ddsimeters  from.  men.  who  were  in  an -exposed  posture 
at  the  time  of  -detonation.  The  .cdpfdinates  of  the  -ifian.  at  time  of 
burst  Cas  welflj  as  his  name  and-uhitO*  would  be  attached’ fo  the 
dosimeter.  The  -reading  of  the  dpslmeters  could  be  .done  at  the 
echelon  where  <the  reading  device  was  located.  Radiated?  doses 
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coU*td=  also  probably  be  obtaxnedi-by  readings  £rom  fountain-pens 
si'zedi  dosimeters^  assuming  that  sthe  doses  are  less  than  600*  lads 
(fedissuei):  gamma. 

'JEhe  chief  operational  behefiiits  from  having  better  data<  on  the 
iffutstai  sradiation  emanating  fa*om  the  vent  stem  of  a subsurface 
burst  would  be  (1)  better  data  oh  which  to  base  troop  safety  dis- 
tances, and  (2)  possibly  improved  ability  to  estimate  enen^-  casur 
aitiesi.  There  might  be  a bonus  benefit  of  more  accurate  esttmation 
of  .colltateral  damage. 


i«t  would  require  a sighifiilcaht  number  of  man-hours  ‘to  cpllect 
'the  dosimeters,  record  their  sources^  and  read  them.  A'lsbj.  ina? 
ly.zing  a fresh  crater  (probably  by  photo  interpretation^:  'tp'  get 
burst  data  is  not  simple.  In  view  of  these  costs,,  the  deciision  to 
collect  such  data  on  the  battie^eii  should  be  based*  on  fhe- ^exT 
pected'  frequency  of  our  use  of  subsurface  bursts.  Based;  on  disr 
cyssiohs  with  SRI  and  DNA  staM^.  it  is  recommended  that  >hp>ipians 
for  collecting  this  data-  be  developed. 


IV  PLANS  FOR  B^BEMELD  COLLECTION,  ANAE^IS^. 
AND- DISSEMINATION 


Ai  Collection 


In  the  preceding  secl±on>  we  analyzed  the  feaslbillltty  of 
battlelield  collection  of  data  on  the  identified  uncertainties 


and  examined  the  possible  operational  benefit  of  dispelllling  the 
uncertainty.  In  this  ipact  of  this  section,  we  wiiM  develop  spe- 
cific plans  for  data  collection,  on  those  uncertainM^ea  that  passed 
the  tests  of  collection  ieaaiblili'ty  and;  operational  'benefit.  The 
findings  are  summarized  On  fable  3. 


■1.  Ruman_Resp.onseiVersus_fime_es  a 
Function  oLRadiataion  Dose 

After  a troop  >unit  ;has  suffered  a nuclear  attack  there 
probably  will  be  m_ee  wlio -have  sustained  highrradiati'oh!  doses  who 
temporarily  survive  aridi-cah  be  interviewed.  If  they,  are  equipped; 
with  the  thermal  lurniinesceht  dosimeters,  their  ■radiatiph  expostire 
■can  be  measured  and  cofreiated  with  their  descfipMohs  of  their 
iesporise. 


In  many  cases  the  tactical  situation  wMli  preclude  such 
interviews.  However,^  a;  review  of  thousands  of  cases  is  probably 
ihot  necessary.  If  fOO^to  lOOO;  ^n  who  had  receivedi  a-  range  of 
doses  could;  be  Intefvieweidj.  the  uncertainties  regafdihg  radiation 
■response  could  be  considerably  reduced.  In  past  waps  tho  tactical 
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llioss'i  -bf  leififectii^enessi  lO’f  lenemy'  ^uniit•Sl  !Speci*a<B  iquestdionsi  ifot  EOW  inteErpgatprs’i,  'Special  altex- 
^a's,na'!i  iEunctiiow 'O'f  ipapcentage  lO'f  icasu.T'  .apfeioni  .repont  aKtemsi  itor  latopapk  fptces.  iChah' 'have;  -exr' 
aleies.,  iploidedi  :UVS.,  muclear  sdrikes; 


battlefield  has  tended  to  move  in  spasms  and  this  may  also  be  true 
of  a tactical  nuclear  battlefield.  Thus^  in  the  ebb  and  flow  of 
the  battle  there  may  well  be  opportunities  for  interviewing  radia- 
tion victims. 

If  each  U.S.  echelon  (division  to  company)  trained 
selected  NBC  personnel,  an  interviewing  team  could  be  formed  when 
needed.  The  team  could  be  sent  to  tb.e  holding  area  where  the  ir- 
radiated survivors  were  located  to  collect  the  dosimeters  and  fill 
out  questionnaires  (similar  to  Table  2)  on  the  survivors'  descrip- 
tion of  their  response  history.  The  dosimeters  could  then  be  read 
and  the  dose  readings  could  be  correlated  with  the  response  de- 
scriptions and  forwarded  to  the  Corps  CBRE  for  analysis. 

Summarizing,  the  actions  required  to  make  collection 
feasible  would  be  to: 

• Procure  and  issue  the  gamma  neutron  dosimeters 
to  be  carried  or  hung  from  dog-tag  chains. 

• Equip  appropriate  echelons  with  the  devices 
needed  for  reading  the  dosimeters  (if  required). 

• Designate  and  train  selected  NBC  personnel  at 
each  echelon  to  act  as  interviewers. 

2.  Effects  of  Multiple  Injuries  to  Personnel 

Basically  the  same  plan  of  collection  as  that  described 
above  (for  radiation)  would  be  used  for  collecting  data  about  in- 
juries. Variations  needed  would  be  the  following: 
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• The  interview  team!  wiltl  have  to  be  fcfaihed  to 
■diagnose  and  describe  burn  and  blast  injuries. 

• iBecause  of  the  increased  scope,  the  survey 
steams  should  be  increased  to  ten  me h=  each. 

• The  questionnaire  .would;  need  to  be  expanded. 

3.  Loss^of  EffectivenessL^bf^U.  S.  Units  as  a. 

Function  of  Casualties 

In  igeneralj  a unit  wilii  be  declared  combat  ineffective 
by  its  superior  echelon  (possibly  bn  recommendatiph> of  the  unit 
commander) i Whenever  such  a -declaration  is  rhade>.  ihere  will  be 
messages  to  the  brigade  and  diyision  TOCs  stating sthe  designation 
of  the  unit^.  the  nature  of  the  -catastrophe,  the  damage  sustained: 
by  personnel  s('ihd  possibly  tb  equipment).,  and  the -expected  time 
of  return  tb  some  level  of  effe;ctiveness.  =Hence>,  vwbat  is  required 
to  collect  data  on  this  uncertainty  is  that  brigade-  and=  division 
TOCs  forward* 'Copies  of  these  mesfages  to  corps  =CB^,  adding  a brief 
description  o§  *the  unit' s recent  .experience — pfibf  .casualties, 
fatigue,  and:  lb  on.  In  cases  where  the  data  seem- abnormal,  the 
corps  CBRE-raf-ter  a suitable  interval  and  during  a-,  lull  in  the 
action-- shpui'di  query  the  originating  TOC  as  to  whether  there  have 
been  revisions  in  the  estimated!  damage. 

4.  Adequacy, of  Current  Jpgllbut  Predictioh. 

System- 

As  iwis  ipreviously  indicated,  a concern*  is  Aether  or  npt 
a predicted', pattern  does  in  fact -cover  all  of  the -danger  areas. 
Current  doctrifle  already  provides  for  the  divisibn.iCBRC  making 


fallout  ipre dictions  and  piotting  actual  faliloUt  based  on  moni'tpxing 
and  su'&vey.s  made  by  division  units.  Thus  the  necessary  data  -can  be 
obtained;  by  simply  requiring  division  CBRGs  to  .report  to  corps  GB RE 
any  instances  where  local  areas  of  intense  iradioactivity  occur  out- 
side of  ‘the  predicted  danger  zones. 


5-,  Combined  Thermal,  and;  Blast  Effects 
on  Aircraft 

Does  thermal  exposure  weaken  aircraft  components  to-  the 
point  where  their  resistance  to  blast  is  significantly  iredUced?  To 
answer  'this  question,  the  plan  developed;  in.*this  report  is  fp  in- 
strument aircraft  with  a.  strip  (paint  or  piastic)  that  will  change 
color  with  thermal  exppsufe  and  a deformati-pn  type  gauge  that  will 
measure  stPtal  pressure^  iflien  a plane  returns  to  base  after  ‘Being 
exposediitp  a nuclear  environment,  this  ins tfumentation  would' 'b^  ex- 
amiriedt  if  there  were  .positive  readings  ■they  would  be  takeh  -atid 
reported’ together  with,  any  damage  noted-Tthe  U^S.  Air  Force  prob- 
ably. .reporting  to  the  D’ASG  .(-and  possibly  numbered  Air  Force?)i  and 
the  Amy  to  corps  GBRE.  The  ihsfcrumentatlph  would  then  be  replaced. 
These  readings  would  show  what  combinatiohs  of  effects  will  ;not 
kill  the  aircraft. 

•6j  loss  of  Effectiveness  of  EnemyjUhi'ts  as  a 
function  of JCaslalties 

To  explore  the  Uncertainty  about  «the  breaking  point  of 
enemy  ■units  as  a functioni  of  casualties^  the  collection  concept 
is  tp  'Use  ;POW  interfogatiohs  and  after- action  reports  from  U.jS, 
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tyndits  that  have  attackedi  enemy  forces  wi«th  nuclear  fire  support. 

Ihe  actions  requircdMto  iprpvide  for  suchi  ai  cojUection  are  to: 

• Develop-  special  questions  for  ROW  interro- 
gators fhat  will  probe  this  ;point — e.g., 

How  mah^  casualties  did  your  unit  take? 

Was  it  ‘then  out  of  action?  ‘How  long? 

• Develop*  a d5tst  of  Items  to  ibe  observed 
and  reported  by  units  explpltlhg  nuclear 
fires-rejig.,,  estimated  nuclear  casualties 
in  enemy  units  overrun,  estimated  equip- 
ment damage,  and  effectivehess  of  enemy 
resistance. 

*B,  Analysis, and- Dissemination 

From -the  reppft-lng  iprocedyres  already  described,  it  wi4*|*  be  ap- 
;parent  that  it  is  pianned  to  have  most  pf  the  data;  analyzed^  at  corps 
■GBREs..  This  e.cheiph'was  selected  for  several  reasons,  it  is  far 
•ehoygh  to  the  rear  itp- provide  some  safety/),  yet  far  enough  fpfyard 
te  ihave  fairly  ready-  access  to  the  fighti'fig  units.  Being  for- 

ward also  simplifiel  cdnununications,  ‘Rutting  the  responsibility 
at  cPrps  level,  rather  than  at  field  ar^.  level,  also  provid|s 
some  redundancy  ii.iej.)  there  are  twp  yv-S.;  Corps  in  NATO).  -Binally, 
sthe  staff  at  the  corps  GBRE  should  be  spTSewhat  larger  than  at  -divi- 
slofi  and  should  thus  '.have  a better  capab^ity  for  making  the  anal- 
ysts. 


One  exceptiPh  is  the  analysis  of  dlta*  concerning  the  combined 
■effects  of  thermal  ifadiation  and  blast  -Pn*  aircraft.  That  portion 
pf  these  data  that  t.eiates  to  USAF  aifcrift  will  originate  at  liSAF 
ibases.  Because  of  ■cPnffi'unicatiohs,  fami4iarity  with  the  problem) 
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and  proprietary  intexest,;  these  data  should  be  analyzed  at  the 
DASC.  The  Afiny  port^dn.  o£  these  combined  effects  data  should  be 
analyzed  at  the  corps  6B1U2;  however,  a knowledgeable  army  aviator 
from  the  corps  avi'ati'oiv  section  should  either  assist  or  supervise 
the  analysis.. 

When  a corps  makes  a finding  concerning  an  uncertainty^ 

it  should  be  cross  checked  with  an  adjacent  corps  CBRE  and  with 
the  Army  CBRE  to  make  certain:  that  there  are  not  conflicting  find- 
ings. If  there  are  no  conflicts  and  the  Army  CBRE  approves,  the 
findings  should  be  dranediateiy  disseminated,  findings  on  those 
uncertainties  that  pefta in- .primarily  to  ground  targeting  should 
go  to  all  staff  eiemen'fes  involved  in  nuclear  planning  or  targeting 
namely  all  TOCs,  D'AS.Gs^  and  fSCCs.  findings  on  uncertainties  rer 
la ting  to  army  aircraft  vulherabtlities  should  go  to  all  army  aviai 
tion  units  and  to- -those  TOCs  and  ESCCs  that  may  request  or  control 
army  aviation  elemenbsi. 

Similarly^  when*  a=  DASC  ^has  findings  on  USAF  aircraft  vulher- 
ability,  it  shoUldi  cross  check  with  another  DASC  and  the  TAGCi 
With  no  conflict^  and: 'With  TACC  approval,  the  finding  should- be 
reported  to  all  air  'bases  aiid  all  TACPs.  (TACC  will  probably  re- 
port the  finding  ito;  alii  number  air  forces. ) 

To  the  extent  [possible^,  the  findings  should  be  anticipated 
and  plans  should 'be  niade  to  make  appropriate  changes  in  doctrine^ 
These  could'she  ih'  the  form  of  change  pages  to  service  weapon -em-? 
ploymeht  manuals  le.jrljyj.  Ainny  FM  10i-3t),  However,  in  a battle 
area-  it  would-  probably  be  more  expeditious  to  have  prepared 


:M»l3.^dn-the-blank  type  messages  which  could  be  sent  at  once  to  all 
Interested  headquarterSi  lExamples  are: 

"Battlefield  data  indicates  that  rad  i(iti-ssue) 

are  required  to  cause  l^edtate  transitory  incapacita- 
tion. " 

"Experience  thus  far  indicates  that  the  infli^tiph 

of _%  nuclear  casualties  on  a „^siae 

infantry  unit  will  cause  loss  of  combat  effecti^ness 
in  the  attack," 
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y-  'MG'HCAL  nuclear  wars  without  U.  ilWOEVlMENT 


It  was  suggested  by  the  client  that  the  instst  tactical  nuclear 
war  might  be  one  in  which  U.S.  forces  are  not  involved.  There  are 
already  enough  lesser  nuclear  powers  to  give  credence  to  this  pps- 
sibiiLty^  and  numerous  proliferation  studies  suggest  that  there 
will  be  more. 

During  ithe  conflict,  some  useful  observatd'bhs  might  be  made 
by  surveafift'^ance  satellitesr- the  progress  of  the  wat;^.  where  battles 
were;,  and' 'numbers  of  weapons.  After  cdhclUsioh:  of  the  war,  a 
number  of  situ a felons  might  prevail: 

• The  interchange  occurred  between  two  powers;,  in 
■which  at  least  one  is  iriendly  to  -the  lUhited: 

States;  such  as  an  Israeli-Arab  war. 

• The  iihtfixchange  occurred  between  ppwersj.  Hone  of 
whom  are  friendly,  but  U.S.  personnel  might  gain 
.postwar  access,  for  example,  in  a-  "peaceke.eplng" 
of  "mercy  force"  role. 

• 5ft  is  an  interchange  in  which  neither  ipower  is 
Hfilehdiy,  and  U.  S.  personnel  are  npt  alllpwedf  on 
The  scene. 

Ihi'the  Tirst  situation,  it  might  be  possible  'to  ;preposition 
equipment  and  to  insert  some  instrumentatlori  h.e’fbfe  the  war.  It 
might  also ‘he  rpossible  to  enter  the  battieHeld*  within  hours  or 
days  after  ithe  nhclear  interchange.  In  the  secpndi -situation,  it 
would -hb.t ‘be  .possible  to  preposition  equipment 'be’fbfe  an  interchange. 
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but  entry  might  be  possible  within  ai  useful  time  after  the  battle^ 

In  the  'third;  situation,  data  could;  be  obtained;  only  through  use 
of  remote  sensing  techniques,  such  as  .drones,  cameras,  satellites, 
or  radio  monitoring. 

Eor  the  purposes  of  this  report^,  .the  question  is  "What  could 
dbsep/ers  who  were  permitted  on  scene  iearn  that  would  benefit  our 
knowledge  of  nuclear  effects  uncertainties?"  Reexamining  Sec- 
tion iVy  in  which  we  developed  plans  f or  data  collection  on  un- 
certainties in  a situation  where  the  United  States  was  involved. 

Sit  is  *eyident  that  many  of  the  .cpiie:ction  plans  entailed  some  thr 
strumentation-- dosimeters  and  deformation,  gauges.  Manifestly  these 
cduid! 'hot  be  applied  ex  post  f..ct6i.  sHoweyer,  if  the  United  States 
was  ‘pidviding  military  assistario  ;td--p.ne  of  the  ’’articipants,.  it 
coul'^d*  hish  aircraft  equipped’ with' -deforma  gauges  and  thermal' 
■exposyre  indicators.  Thermal  luminescent  dosimeters  could  conr 
ceivahty  be  imbedded  in  miittary  web- .equipment  or  buttons.  The 
pdiitifcai  implications  of  such  acts '^oyld  .have  to  be  carefully 
assessed^ 

®f  allowed  to  interview  medical  officers,  our  observers  might 
get  interesting  data  on  the  frequency -of  combined  effects  injyfiesv 
If  suMicient  time  had  elapsed 'before  .our  observers'  arrival,  and; 
if  it  ■was.  with in  the  competence  of  >fehe  medical  corps  of  the  country^ 
medical  officefs  might  lave  diaghosed!  from  symptoms  what  approximate; 
radiafetoh- doses  various  patients*  had)  .received.  Thus  it  might  be 


The  ipatients  might  bo  from  the  medical  Officer' s own-  forces.  Or 
fOWSi. 
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possible  to  get  quite  usefui  data  on  the  frequency- -of  various  com- 
bined effects.  Also,  medicai  officers  might  be  abie  to  furnish 
good  descriptions  of  the  ‘total  casualty  situation? within  units 
that  had  been  hit--the  total  picture  might  be  more  interesting 
and  important  than  its  parbs^ 

if  allowed,  discussions  with  operational  conpanders  and  staff 
might  furnish  valuable  insight  on  unit  losses  of  effectiveness  with 
casualtlps.  After  a unit  was  hit,  suffering  X percent  casualties, 
did  the  survivors  panic  or  fight  on?  How  effective  ‘Was  their  re- 
sistance? 

It  would  also  be  iritefesting  to  visit  the  batMefields,  It 
is  doubtful  that  they  woul'd  have  completely  pplicet^the  battle 
area,  and  much  of  the  damaged  equipment  would  stdill  be  in  place, 

M a collaborating  former  iparticipant  would  provide  data  on  what 
yields  were  used  where^  and^  at  what  height  of  burst,  it  might  be 
^possible  to  reconstruct  ‘the  battle  scene.  An  air  photo  would  show 
ithe  location  of  the  derelitct  equipment  relative  to  iGZ;^  and  a ground 
survey  could  record  the  damage.  Such  a survey  coui'd‘  produce  ex- 
cellent data  on  the  vulheiability  of  the  equipment  present.  These 
data  would  be  particulaisiy  interesting  if  the  damaged;  equipment  had; 
been  furnish  d by  a potent-ial  U.  S.  enemy  or  if  it  -was  equipment  of 
UiSi  manufacture  that  had! ‘hot  previously  been  festel  in  a nuclear 
environment. 

Even  if  the  participants  were  unwilling  to  furnish  weapon  and 
‘burst  data,,  a c.''reful  analysis  of  the  residual-induced  radiation 
'jpuld  provide  an  estimate  of  ihe  yield;  and  tbe  Ipcatipn  of  GZ. 
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'thermal,  and  possibly  neulafdn,  shadows  might  permUt  ■estimating 
height  of  burst.  All  of  this,  of  course,  assumes  free  access  to 
the  ‘battle  area. 

To  a=  great  extent  our  ability  to  obtain  useful  information 
from  e non-U. S.  tactical  nuclear  war  would  depend;  oh  the  effective- 
ness of  pur  prior  planning,.  It  would  be  valuable  itp- make  a study 
examining: 


• The  likely  areas  where  tactical  nuclear  wars  with- 
out U.S.  involvement  might  occur  and,  for  each  area, 
the  probable  rules  fhat  would  govern  U.,S^  -observer 
access  to  data^ 

• The  key  commanders  and;  medical  officers  wKp- should 
be  interrogated^  off  ipdssible,  and  their  ip.pi^tical 
leanings  to  include  stheir  attitude  toward;  fhe 
United  States. 

The  questions  that  should:  be  askc"^  of  key- iparticir 
pants. 

• The  number  and  ‘types  of  observers  and  equipment 
that  it  would  be  desirable  to  send  to  eacb-pf  the 
potential  areas,  ‘based  on  the  anticipated^abcess 
to  data  rules. 

••  The  training  required  for  candidate  observers. 

•-  The  instruments  and*  other  equipment  that  should:  be 
s tockpiled  and;  where; 
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Appendix  A 

BURST  DATA  BASED:  ON  NBC  REPORTS 

The  Army,  inuciear  burst  reporting  system  is  designed  to  pro- 
vide informablpn  for  determining  the  time  of  detonation,  (2) 
the  locatibh<  of  GZ,  (3)  an  estimate  of  yield,  and?  whether  the 
burst  is  il*ke?ly  to  produce  f-alttppt.  These  data  are  useful  inputs 
to  the  assessment  of  the  Impact *01  nuclear  weapon!.  pn«  current 
operations.  'Both  enemy  and-  fr-i'endiy  nuclear  weap.pris  are  considered®, - 

The  cdl‘i*ecbion  of  nuclear-  sbiirst  Information-  -ii  made  princi- 
pally by  artiiiiery  units  based*  •on-,  observations  and: -measurements 
of  the  miclfaf  cloud  at  certain' itimes  after  detonation.  In  this 
section  ai'bri’ef  analysis  of  Ihe-  methods  employed- -and  the  precision 
with  which  ithe  information  can* ‘be  reported  will  =Be  made. 


1,  Location. 

Burst  ideation  can  be  determined  by  two  ways;:  map  inspection 

i - _ 

and  intersection.  li  a crater  exists  and  can ‘be  seen,  map  or 


i , __ 

EM  3-12^  spicifies  that  a reporting  unit  must  use  the  NBC- 1 re- 
port format;;,  ihis  conforms  itg-ihe  nuclear  part  of  STANAG  2103. 

t . * 

Intersectipn  is  essentially  a*  Pf  topographic  Survey  that 
constructs-  a.  location  by  using-,  azimuthal  observajSiSns  from 
several  tepwn  locations. 
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aerial  photo  lihspection  will  pefiMt  the  fixing  of  the  location 
quite  accurately  O^i.e.,  ±50  meters^.  In  the  case  that  may  prove 
to  be  more  cpnmph^  when  the  burst  is  an  air  burst  wfth= he  crater^ 
the  GZ  will  be  Ipcated  by  intersectien  en  the  cloud?  stem.  In 
this  case  the  stem  of  the  nuclear  clr»ud  is  observed^,  and  azimuths 
are  read  from,  several  locations,.  The  intersection!  of  the  rays 
from  the  observer  locations  provides  a location  of  ;GZ.  The  pre- 
cision with  which  it  can  be  located:  depends  on  the  precision  with 
which  the  observation  points  are  located,  the  accuracy  with  which 
the  angles  are  measured,  and  the-  ability  of  different  observers 
to  define  a.  cprranon  aiming  point  •oh!  the  stem.  There  Is  also  an 
inherent  error  due  to  the  fact  '§hat  observations  icanhot  be  made 
•until  after  f He  blast  wave  passes  the  dbsefvef . fhi's  may  result 
in  delays  ■phi>§he  order  of  10  •tp*  10=  seconds,,  during-, which  time 
the  stem  moves  with  the  wind.  •Intersections  based! -ph.  readings 
frcrni  surveyedHbase lines  of  knpvm* direction  could: 'be  duite  accu- 
fate--on  the  •order  of  ±10  meters  iplus  errors  due  fp»wihd  movement 
of  the  stem  and:  errors  due  to.  dif-fefeht  aiming  ippinfes  on  the  stem. 
Intersections,  sbased  on  observatiphs  from  unsurveyed*  ground  loca- 
tions and  using  a magnetic  azijmith  reference  will  ie  less  precise. 
In  summary;  It  wpuld  be  unwise  ip' expect  overall  I'pcafipn  accu- 
racies better  ithan- 100  to  400‘  mef efs, 

A requifement  when  cons true tlhg  a location  Jby  Intersection 
is  that  all  pbsefvers  must  be  ?t§fcihg  measurements  on-,  ithe  same 
cloud  stem;  •pthefwise  gross  effpfs  can  result.  Irii.a-  situation 
in  which  multipie  detonations  are  .encountered,  sighting  at  the 
wrong  cloud!  will  result  in  a !humbef  of  false  locatipnsi 
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AiSthough  errors  in  locatilOT!  of  a- nuclear  detonation  carii 
InitedfaMLy  be  large,  in  time  the  location  could  conceivably  ibe 
iHxed  with  adequate  precision  based  on  location  of  the  crater  of 
other  .ccntroidal  indicators  in ^the  distribution  of  damage  ahdi 
induced  radiation.  However,  considering  the  time  urgency  involved, 
the  limited  human  resources  available  for  such  investigations,  and= 
the  inherent  confusion  of  war,  ithe  practicability  of  doing  ithis 
on  -the  battlefield  is  very  doubtful. 

2;  Air  or  Surface  Burst 

The  operational  technique  ipf  determining  if  the  detgna^dh 
bccUrfed?  in  the  air  (creating  a. 'faHout  free  condition^  pf- ing.t  is 
based  on  visual  inspection=  of  it-he  cloud  stem.  Observation  of  n 
ihick,.  dense  stem  connected  tp‘i6he  mushroom  cloud  is  indicafalyg 
of  a-  surface  burst.  li,  howeye%  the  cloud  is  not  connectedt  ttd 
ihe  stem,  an  air  burst  is  indi'catedi  Observation  of  3=  thfpw.put> 
an  inspection  of  the  crater  at  a-,  later  time,  or  downwind  iesldual 
fadiatlon  can  indicate  that  a*  surface  or  near  surface  (aboye  or 
below)  burst  occurred.  In  general*^  ihe  actual  height  of  bursi 
for  air  bursts  may  not  be  quantiffied*  by  visual  observatiom,  -Mgre- 
oyer^  night  or  reduced  visibility  may  preclude  a determinatig'n  of 
air  gf  surface  burst. 


3v  Yield JEstimate 

Estimates  of  yield  are  hased'  on  kno\-7n,  empirically  detefmihed 
c?lpud:  stabilizations  of  heights.  and=  diameter.  Visible  measure? 
n^nts  are  made  of  cloud  diameter  at  five  minutes  and  cloudiiheight 
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at  approximately  ten  minutes  after  detonatioiii  Shi's  latter  time 
should  ensure  'tlvat  the  cloud' rtias  ascended  to  its-  stabilization 
height. 

Except  if  or  aerial  obseryation  of  cloud  height^,  all  other 
height  and  dijameter  measurements  are  based  on  a<  measurement  of  a- 
subtended  angle  and  an  estimated'  observer  distancej  From  these 
two  mcasurei^nts^  cloud  height  and'  width  are  calculated. 

Atmospheric  'testing  promdes  data  for  predlcti.ng  yields 
based  on  clouds  properties.  Empefical  relatiphships  relating  cloUdi 
top^  bpttpmj.  and  diameter  to  yield  have  been:  deyelpped.  One  such? 
set  of  relatiphships  resulted?  'ffpm  a comprehehsiye  analysis  of 
U.S.  atmpspliefic  tests.®  These  ^provided  ihe  lasts,  for  the  npmpr 
graphs  usednby  the  Army  for  y/teld  prediction  Irti  idUe  field.  A 
summary  of  ‘these  data  is  pres:ehted  in  Figure  .A=i  th:  which  cloud: 
tpp,  bottpm|_  and  diameter  relationships  are  indicated  as  a func= 
tion  of  yieldi  Estimates  of  «ef-for  in  the  predictions  are  shown; 
by  the  shaded!  area  in  the  figufe.: 

The  general  relationships  in;  Figure  A-1  are  ithose  of  power 
curves  with'  'the  cloud  proper*^  ipf  oportional  to-  hi  'fractional  power 
of  yield  within  ranges  of  yields>  In  the  data>.  yield' was  known 
to  ±107o  of  less:;  scatter  in- ithe  cloud  ilata  accents  for  the  un- 
certainties Indicated'  by  the  effpr  'bands. 

it  is  Noteworthy  that  the  functional  reiatipnihips  change 
for  the  clpudf  stabULzation:  albitUde  data  between"  ithe  yields  of 
2 and  20  'KTj  This  situatiori  is-  oiviy  in  part  explained  by  the 
altitude  of  ighe  tropopause.  lEpf  Nigh  yields^,  festihg  was  conducted! 
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in  equitorial  areas. iwhefe  the  tropopause  is  customarily  at  an 
aititude  of  54, 000  stq '6Q>  000  feet.  A highs  yiefljd:  model  for  yields 
greater  than  2 Kf-  i's  ippstulated  for  predictihg  stabilization  altiT 
itudes.  Other  testing -was  done  at  the  Nevada! ‘test  site  where  the 
‘tropopause  is  at  33:>i000  -to  40,  000  feet.  As  model  for  yields  less 
ithah  20  KT  is  suggested. 

The  ambiguous  .conditions  presented  In^i  ithe  yield:  range  of  2 
to  20  KT  are  accommodated' in  practice  in  the  field:  manual  by  use 
of  a nomograph  solution.  The  functional  transition- between  the 
•two  yield  relatiohships  is  shown  in  Eigure  A'^li  This  relations 
ship  is  embedded!  in* ‘-the  .nomograph  in  EM;  3=4^2^  and:  appears  to 
minimize  -the  predic.ti'oh  error. 

There  are  curves  •that  spermit  yield*  spredictiphs  based  oh 
•cloud;  diameter  at  yawing  .times  after  detgh|tiph,  Cloui  diameter 
at  five  minutes  after  ■detonation  is  built  into  the  nomograph- 
solution  found  ih.iEM*  3ri2.^ 

In  comparing  ihe  sndmograph  solutiPh.  iof  .estimating  weapon. 

^ield>  with  the  body -of  •experimental  data,  a.  large  variance  existjr 

^eld  predictions  ibasedi  on.  cloud  stabiii|.a^:ph- heights  for  aM 

clouds  stabillzihg- ibetl^en  14, 200  and=  35>l000’lt  Ccorresponding- itp= 

2 KT  and:  20:  KT  resp:e;ctivelyl  showed  a standard!  deviation  of  +113% 

and  -57%.  Epi!’  exgnplej  according  ip  EM:  3slS' a*  measured:  doudi 

stabilization  height  of  20,000  ft  corresponds. 'to  10  KT;  however^. 

a weapon  yield'  of  4i.3*ip  21.3  KT  couldMhayi  ipfoduced  this  same 
* 

result. 

* 7 ^ 

This  is  a;  one-sigm§iestimate--a  b8%  icpnfidehce  iband,  if  distMbus 
•tipn  were  normal;. 
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Variabi%Lity  to  a lesser  degree  results  from  the  predicferpfi 
of  yleJ^-  =based  on  cloud  diameter-.  When  comparing  the  predic6lph> 
model  ihiiEM:  3-12  with  measurements  of  the  five-minute  cloud* 
diameter  sfrom  atmospheric  testing),  a standard  deviation  of  -H587» 
and  was  found  to  be  present  ifof  yields  greater  than  2 K*T. 

From  a cloud  width  correspondirig  do  that  of  a 10  KT  weapon  theM 
is  a: -pncT sigma  uncertainty  range  of  6.3  to  15.8  KT. 

In.  an  operational  context,  ibpth.  measurement  errors  and  pfe^ 
dietipn  errors  must  be  considefedi  A measurement  error.,-  fbf 
ex^ple>  of  10%  in.  cloud,  stabili'zaiiod  altitude  or  diameter  .appears 
ipo-*be  -cphsistent  with  uncertainties  in  angular  measurement), ‘-d'is= 
■tine#  *estimates,  and  local  wind! .conditions.  This  10%  error  .ini 
altitude  .or  in  diameter  translates  to  a yield  error  of  4’4%  of  26% 
.respectively.  Considering  the  ip.f,e.viously  established  :pfectipn= 
of  st-M  rpf.edietion  model,  standard  deyiatipns  on  yields  devei’pped' 

■f r^;  measurements  of  cloud  prpp#ffries  can  be  +1207o  and  -f70%  ‘based; 
oh.-dlpUd  rtabiiizatipn  altitude).  4hd +60%  and  -457o  based' pn>(c4*pud 
d’i'Mnetef.j  In.  terms  of  the  10*  Kf  .example  previously  illustf  ated) 
the  oner  sigma  band  for  pfedictipd  is  3 to  22  KT  based  on  stab^pii'za- 
'tiph).  andi  5.5  to  16  KT  based'  phi  .cloud'  diameter. 


^i-hough- the  nomograph  indicates ‘that  yields  may  be  calculated 
‘to- 1 KT)  the  error  associated  with*  .predictions  at  1 ICC  was  f pUnd 
itp.'be  excessive. 
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Appendix  B 


CORRELATION.  BEfWEEN  VISIBLE  BLAST  D/diAGE^.  CASUALTIES, 
/\ND  EQUIPMENT  DAMGE 


As  was  discussed  in  the  main  body  of  ffche  report,  it  would: ‘be 
useful  to  establish  correlations  between,  visible  blast  damage, 
ipersonnel  casualties,  and  equipment  damage  sfor  use  in  tactical 
damage  assessment  of.  ipost-strike  anaiysesi  The  concept  is  -thlt 
ah  observer  might  quickly  iav,utify  the  aSlli'ts  of  various  ty.pis 
of  blast  damage  ahd:ifchat,  from  this  ihteilligence,  a fairly  acs.u* 
;fate  estimate  coui'd; 'be- made  as  to  what  ihappened.  ;to  people  and: 
■equipment  in.  ceftaiHr  areas.  The  concept-  is  ;peftihent  both  tp-  a- 
i-actical  damage  assessment  of  the  effeifes  of  a friendly  strike  on 
enemy  forces  and- >tb-  an  evaluation  of  dajnage  inflicted;  by  afii  enemy 
strike  on  our  own  ifpf.ee s. 

A good  way.  to  implement  the  concept  ■would  be  to  have  -the  ob-e 
server  airborne,  rfloft  he  could  quickLy- discern  the  limits  of 
various  types  of  damage  and  denote  these  pn.  a map  or  photpr^of  ihe 
could  actually  photograph  the  area;  of  damage.  Eor  assessmehts 
over  enemy  terfitpfy.  a drone  with  a TV  of  photographic  earner ai 
could  bo  used.  Tbp  ‘damage  most  readily  detected  by  an  air  ob? 
server  is  estimated!  to  be  tree ‘blowdpwn>  and;  damage  to  structlifesi 
Severe  damage  couTdi  ipfobably  be  more  f eadi^  distinguished!  than: 
light  or  moderate  damage.  In  some  cases  ihe  might  detect  damage 
to  vehieles,  but  it  would  be  unwise  tp  depend'  on  this.  (The 
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vehicles  are  tokefty/ *to  have  been  concealed  before  the  atft  ok;#): 

The  marked' map- or  photo  would  be  delivered  to  the  TOC,  where  a= 
target  analyst  woui^:  use  it  In  making  his  post-strike  analysis. 

Alternatively.,  a ground  survey  party  could  be  used..  The 
chief  weakness  in  ihis  would  be  inability  to  bound  -the  d'amage  area- 
in  a reasonable  ‘time,  As  wiil  be  developed  later,  idenWlylhg 
the  outer  lami-bA  of  -types  of  damage  is  critical  to  the  accufacy 
of  the  post- strike  analysis.  However,  if  a ground  survey  iparty 
were  usedj:  *thefe  might  le  additional  indicators  such-  as  antenna- 
blow  off  arid:  damage  tto-  vehicles ; 

Such-  a- cdcEejlattoh-  cari  be  fairly  easily  developed! -uilSI- -data' 

from  DNA:lE_M?4'i,  ifigufe  B-1  shows  the  radii  of  severe  and:  mgd'efate 

_ * _ _ - . _ 

tree  blowdowni  -andi  500.0  rad:  for  ip.ersonnel  in.  the  open,  arid!  -ini  a- 

fofest.  :TF4'gyi.l  4=4  similar  radii  for  moderate  a,ridi  seyefe 

damage  id-  frame  andi  bfick  buildings,  for  5000  and:  i5Q>‘f  Adi  t.Bg-.exs 
posed  pefsorinA'l/.  arid  for  casualties  to  persons  due  to  deceilfAtl-y® 
tumbling  cau^dnby  fhe  Hast.  Figure  B-1  shows  radii  f of -waridul 
levels  of  lamage- *td- selected  equipment  and  various  .f  a^d'iafeidni'dpses 
to  persdrinel, 


Curves  are  deyeldped*  sto  represent  typical  relationships  fhat 
exist  between'  yaflous  nuclear  effects  at  various  weappni'y^teid's; 
It  shouldnbe  .noted: 'that  weapon  design  win  alter  these  !fij?atign? 
ships i Wilhi  ithe  exceptiori-  of  uncrlassified:  tree  bldwdd^'.data 
f rpm  IM;  '"Nuclear  Weaporis  Employment^  " iFebfua^ 

data-  are  'basedi -pri  ipNA  »EM-1;® 
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DISTANCE  - feet 


note:  CURVES-ARE  OEVE^P.|6.iF6RfA;gEPRESENTATIVE  WEAPON:DESIGN.TO.PRESENTTTPI(rAL 
RELATlbttSHIPS  THAT*c|NlEXliTV0ETWEEN  VARIOUS^NUCLEAR  EFFECfs 


■PI6URE  iB^>K  CORRELATION  OF  FOREST  BLOWDOWN  WITH  INCIDENCE 
‘OF'gSSyAplES  TO  EXPOSED  PERSONNEL 
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IFIGURE  Bt2.  CORRElLATtlON.i  GF  SiiRUGT^  DAMAGE  \WlfTH  INCIDENCE 

■ . TT  ,1,  T*  U V.  „ .I„|,r  •"  'tf  I, - nil',  <«f  \fifn  1.  iw  'i-  mo‘ w;  ‘ " '»  m.i 

OF  casualties  to  EXPOSED' personnel 
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IKr^.ithe  curves  in  Bigufes  •3=4:  ‘through  B-3  one  taft  extract 
radmi  s£or  various  effects  for  selected  yields.  To-  esltablEfsh.  the 
deeti$rf' cx)frel;atlons  it  is  e|i^s:agei!  that  cookie  Cut^B  ty^ 
tempi;atGS=  would  be  prepared*  showing  the  circles  encipsihg  various 
^pes  of  visible  damage  atidi  ithe  clfcles  enclosing  selected*  casualty 
and.  equipment  damage  criteriaj  iEigure  B-4  presents  such*  ttemplates 
for  4*  IOtKI  and  a 1-KT  weapofij.  Note  that  a family  of  such  tem- 
plates wpuid  be  needed^-  because  as  yield  shrinks  blast  lends  to 
f all;  off  far  more  rapidly  ‘.thanifadiation;  hence,  the  ieffect  that 
d's  fhe  puter  circle  for  one  yl^l'd^wlll  jhot  necessarily,  sthe 
putef  ■circle  for  anpther  yie»13!;. 

$9 'hse  the  itemplateSj  sth^  itafget  analyst  wpui’dH&|ke  sthe  marked* 
fflap'  O-S  spHptp  furnished:  hy  ithJ  -Sblerver  and'  idehtify- tghe  visible 
.effect  giving  the  lest  *cpveg'a|ej.  say  severe  tree  liowdovmj  ‘He 
wpul'di  it-hen  select  the  yiei'di  template  whese  puter  clrSle- for  severe 
free  thi'psd own  most  nearly  matchedMthe  outer  limits  'Of  ithis  effect 
as  shoTO!  .oh;  ;the  map  or  ^pKotpi  ‘With  ihe  template  f hUs;  ippsitiohedj. 
‘be  ^w^jIH:  see  the  various  damage  criteria  circles;  lh<(6heif  ;prcper 
.pOsiM^Phi  Then,  based  phi shillkhowledge  of  enemy  *01  *fri|hdly/.dis- 
i^si^pns  in  the  damage  are aj. ihe  iwuld  make ‘his  poifei-l^ke 
assessment. 
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Appendix  G 


;ESirflATES  OF  THE  SIGNIEilCANCE  AND  FREQUENOY 
OF  MUITpEE  INJURIES 


The  casualty  .producing  enylfohments  resuitlhg  ifrom  a nuclear 
explosion,  ‘tend;  <to  overlap  to  yatj^ing  degrees,  defending  on  the 
yield  and:  gfihel  factors  associated:  with  target  and;  employmeht 
condltionsj.  She  nature  of  casnaities  will  A.  detailed 

description!  pj  iatallties  and- Inguf  ies  resullingllrpm  a nuclear 
explosion! -cani  show  the  inMuence  of  nuclear  f adlati’dh,.  thermal 
radlatlpn).  arids  “blast  with  Its  »rpl'ated  primary  ^d!  ipephdary  re- 
sponses. A.'cpntlhuum  of  ppssi'M^e ‘human  -respon  instant 

fatality  d^Tps;e  ‘.to  the  detonati'ph.  \to  minor  injury/  at  distant  Ipca? 
tions  resuits  if pm  single  to •muittple  effects  exposures. 

Operafrl’onaily.,  target  analysts  tend-  to  thlnfe  in  'terms  of 
weappn  yields  and:  effects  that  <elther  produce  aumilfttarlLy  sign^fe 
cant  numbef  of  casualties  in* cenemy  units  of  pthefwi'se  satisfy  ah> 
acceptable  sjfeti^  .criteria  for  sgfiendiy  forcesi.  In.  the  former 
case,  the  concept  of  destroying!  Pf  neutralizing  a-,  specific  target 
is  also  feiated!  to  deliyefy  and)  a statistical  assurance  of  sucCe:s.|* 
Horeovef,.  the  ipf ediction  of  enemy-  casualties  ie  ipfdmariiy  based: 
on.  the  idenK^cation-  of  a -pingle  nuclear  effect  and' ihuraah:  re% 
sppnse.  This,  approach  to  the  analysis  is  consefyative  and;  fails 
to  suggest  the  impact  on  the  target  of  additipnal  irijpries  and: 
fatalities,  deyelpped:  in  other  fesponse  modes  andifb^  pfhef  nucleraf 
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eSects.  Although,  the  e|-Jecfes  of  nucle§t  weapons  cans  extend  much= 
dunther,  in  ani  gperationai:  Usage  troop  |afety  critehi*a  ;provides  a 
set  of  opefa^gnalily  accepfedhle  limiting  *cgnditiohe. 

■Between!  ithe  casualty  hW'  safeUy  crditetifa!  are  aifSange  of  in^ 
gUcies  that  are  mot  well  dufiined  and  thatj,  when  cohaxdefed’  in 
aggregate,  cafts  ;pgs sib ly  have  a significant  influence  gh‘ military 
operations i This  range  of  ihguries  is  dncurred  by  tpep^l^d  located: 
dfi.  various  zghes,  as  indicated' in  Figure  G^d!.  In  this  jM'^re 
ipersohnel  meeMng  the  casua'ity  criteria^atU  in  Zgne  •ly.  and  those 
meeting  the  lilety  criter4'as  are  in  Zones;  4=  and  5i  ipeEsghhei  ih* 
ithe  intermediate  zones  suffer  varying ‘ddgfee^  ihcapacitatign. 
ifhe  symbol's  'U|ed=  in-  Figure  <Q=i  and;  in*  ■•the  succeedihg.  tfi^gures  in-, 
it-his-  appendix  are  expiainedi  int  Table  Cs4h- 

'Figure  'G=»i'  ipertaihs-  'dhiv-  ig  persphs'  who  were  expdsed!  and!  un= 
vw.af nedi  at  ihe  'fcime  of  detgnati'gti;;  simiTdf  ifignres  •csu4d!  'be  de- 
■ve?igped;  for  ipff sons  in  •othft  jpgsturesi.  iRgr  exampie;.  f.gr  •, persons, 
dni 'tanks  andiwafned^  'the  ■distances  to 'which> ‘the  casuglifeies  and= 
irisks  would*  ■extendi  wguldiibe  feduced,  nucdiear  r adiatign- would' .re= 
mains  the  eignl^caht  nuclelF  efifnct  for  IdW- yaelds;- 'butJbias^ 
leffects  would!  irepiace  thermal  effects  'faf  'the  higher  '^elds. 
®;gure  G^-l;  ^ftustrates  'the  ttype  of  ihlofmation  ineeded!;.  a-  set  of 
special  cufyesi'cguldi  be  deyelgped!  for  -gther  iposturesT  The  cufyes- 
•pfeSent  typi^i  irelatighshipS!;  ihowever^  chafiges  in  weapgh  designi 
;c;ah  change  -thSie  fetatiohihips^  Moregyef^.  the  nature  ■of  mtlitafy 
fhargets  is;  sudhifhat  the  ipppulati on  tnay;  ifee  ieSt  mepreiehtedi  by  as 
■ebrnbihatigni  o$  feveral  jposjufesv 


72 


TABLE.  >G5d»..  TEGEND  KE^ftOR:  ■FIGURES  INI  .APPENDIX  C 
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Response  may  be  generalized..  Ei/gure  C-1  suggests  five  zones 
;for  the  Investigatiohi  of  personnel -casualties i As  stated  above^ 
within  Zone  1 are  personnel  who  have  been  exposed'  to  at  least  'the 
operatipnajj  casualty  lleyei*  Personnel  in  all  pthef  zones  dp»inot 
meet  thie-cmteria;  however^  Zone  2'ipersonnel  are  expected:  i|o 'be 
ifatalities  eventually  c(withih  90  day#>  The  people  within-  Ipne  3 
do  not  become  -fatalities  generally-/,  but  will  be  seriously  ihgured. 
The  popuiati'on  in  Zone  4 is  based-  on.  emei^gency  im'sk  criteria/ 

These  peopie  will  receive  a few  serious  injuries/ ‘but  under  ipresent 
huelear  Opeiatlons  -pplitcy  they  shpulO-  remain- miTO-taii^^ 

The  people  in  Zone  5-  are  exterior  stp  -the  area;  pj  inegligible  igi'skl 
■they  sh6ui'a^experiehce  lOfily  minoi  inSb^iGS  andi  shpuidi  continue  ip 
■be  milit'ari'ly  eff ectiypv 

A ?pi£iern.  pf  respohses  -to  the  muclear  effeOt-s  within-  Zone  1 
is  presented!  in  greater  detail  in-»Ei'gure  C--2\  Alt-hpugh  -the  fpne 
is  structured-  on  the  desired;  military-  casualty  ‘bi41eri%  other 
casualties  are  possible;.  The  other  iatali'ty  producing  respphses-- 
deceiefative  tdinbling;  and  second;  degree  burns  pn-.  greater  thani 
31.  8%  of  ighe  'body  for  .example-rwiffl  occur  but  are  subordinated*  -tP 
the  inucleir  -radiation  -response.  Xields  below  l!  @ will  have  a- 
low  Incidehce  of  in  jury- pther  than 'nuclear  radiatiph.  Howeyer./ 
at  yields- greater  than  10  KT,  blast  afid-  thermal -eSects  cohtmbute 
‘to  the  icasuaity  stresf- in  the  zonei-  -Of  interest  sto  -planners  -will 
be  the  degree  to  whichi itHe  blast  andHthermal  injuries  will 'Occur 
and  to  what  -extent  -this  i 11  :be  effective  in  iurghtt  debilitg^hg 
-the  immediate  'transient  Ihcapacitata^-  response-  !frPm  nuCieat 
■radiatiph/, 
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of  ^ual  interest  is  ^the  ipd^tabion  response  in*  Zone  2j, 
its  depicted;  in  Figure  Ct3v  *Here  iat^  nuclear  radiatipni  ieveis 

Shave  been  received.  ^^icaMjj^  however^  target  anal^&ts==dO 
*npt  -consider  this  populatioh*  as  ■Casuaities  in  plahhing-  culgeht 
bjeratiohs  even  though  ihcapacliatigh' in  th  long  term*  wi®  occur, 
ih  ihis  zone  the  populatiOnnwilii  also  have  a reasonably -high- 40^ 
■di'dehce  Of  sublethal  blast  and;  ■fhefmal  injuries.  Muliipie  inguries 
swili -bccuf,;  however j research*  ;t0 -date  has  not  been  able  »tO‘ sat is- 
iaCtOiiiy  quantify  these  easuaiiy/ modes.  Response  data*  iniipN^iEM-ti 
fUgges^  that  nucieaf  andHfchefmai  iadiatioh*  casuaities  wS^  ib^ 
'^OmOnplace  ;fpf  yieids  'byef  4‘iKp  aniihat  blast  inguEies  ai’so 

■gC.cur  for  yields  over  :S.ome  ■evidence  irgm  iHteOshimai 

■d'e.v,&i‘bped‘  shortlyf,.  also  suggesf-s.  ^that  ingufies.  >wi44® a 

•csonSnph*  occurfehce-:;  ^howevefe,.  sbhe  •efiects  Oh-  militafy  rpeEfbfmance 
and*  sfhe  acceleratiph.  of  >bhe  incapacitation  process  are  *hp[6  limowhi. 
Snfpmatiph  on  the  nature  ■of  4n:q.ufries>  and*  Shuman  respbns.e  t|p-  phe 
of  ®iciple  inguries,.  can*  cpnhf-ihhte  ip  a better  under s.tandihg-.  pf 
■opefatiohal  capabidities  of  ithe  ■nuclear  weapons. 

Sumiyors  with  inucleaf  iadiafioni  ingurries  in*  Zone  3iWi*])l  shave 
‘Been* -0x150801:  !to  a*  radiatipn”dgse  hetween  150  and:  iSO'  ifaii.  Many 
*wiHH!  also  exhibit  thermal  4nsjiiMe|  at  yieids  greater  ‘fihani 
ihefmal  and  oblast  inguries  i)f  ihefraal  injuries  alone  ■cafii  alsp*fbe 
.encpuntefed;  at  yields  greater  tChan*  10-iKT.  The  severity'  andi  extent 
of  tthese  Injuries  wilsl  determine  ihospita^  lo^s^  feplacertent 
ipjplicaes^-  recupef  atiph:  "^me  and!  leyel  ef  combat  actiyity  .among 
‘the  sufjd.yihg  populatipni  gpfie  3i  shares  with;  Zone  2'  (the  lincef tainty 
•gfi  ihumah*  fesppnse  to  sublethal  and*  multiple  nuclear  ingufies^ 
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In  ZMe  4^JB@i^en.inegpJglb  and;  emergency  risk  levelfSi- 
cidence  of  ^ injuries  will  be  low.  The 

populati(ih‘ is  expected ‘to  he  combat  effective  in  spite  of  .nuclear 
exposure.:  Mpnitprihg  of  *thli  population;  after  an  attack  is  waf^ 
ranted:  f or  iposslble  ipcculfence  b^  significant  departures  ffomothe; 
normal  safe  ifeippnsej.  tncldehce  of  nuisance  or  debilitating  ih= 
juries  that  might  thaye  ibeert!  jpreverited:  ithf pugh  training  of  jprpce? 
dufes  sh<lild*‘bh  le^^wedi  for  iposslble  corrective  action.  Selfected 
f ollpwrup.  shpuigi  ^be  maintaihedi  for  detection!  of  possible  ■defayedi 
or  lOngr  term:  Responses j: 

Many  of  fhe  cSttmTenfes  f eievant  -to  Zone  4 ipef tain.  ;tp'  Zone  fv 
This  :pOpufatl‘pni  Ihguidi  ige  oOTbat  ■ready,  with  not  more-  f hih* 
of  1110111  s feres  oedM^/ imilsmce  ievei  in  jury...  GpnfirmatiVip  of  fM'l- 
exp'ectatipn*  f s.iwafn'ahtednfpf  foth  i^^  short  and!  long,  iermt  fB.eteg= 
■tloni  of  ahi‘'VAchiCS’est-’ »he  ani  f f eyefitloh.  of  -heedless  casUaTtl’es 
thfough<  If.ainihg-  andi  iproceduf es  shpuld'  be  pursued . 

li.  CfOss£SfeCfelonuDafeawat_J^.;5uKT 

■Encldehce  fates  pf  fafea^ttes  andi  Injuries  should!  fe  fUffehef 
develppedi  for  alft  -2phe|.i  iHlrpshlma>  casualty  data;  ipf pyides.  an*  ins 
sight  ■to  *the  ffedUbSby^'bl  occulfehce  of  n/arlpus  casualfiesi  ttn< 
using^  these  dafegidife  shpuMi’be  .remembefedi  fliat  there  are  seyefa® 
significant  di^efencee  'betweehi  sfehe  data  and-  expectatlohs  for 
theater  snucfleaf  ^warfare  eltuablphs.  At  iHirpshima,  jpef  sOhhel  were 
untfainedi  ahd»  lUhwaf hedl  ihelght  -of  burst  was.  optimized!  for  'bl;as.t 
■damage  ih-ifehe-  igfessUfe- fegiine,.  andifhe  hucleaf  fadlatlphi^was; 
less-  intens.C  >th®5  'that  aht-tcipated  from  modern,  tactleal  ^weappnsf. 
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As  shown*  ihi  :G^4>  'fatala/tres  exhibit  a 50%  lOcgUggehce 

at  approximateB^;  45G*  iad  iFataii’ties  as  used  in  ifehese  hafta- ate 
based  on  ■hohsuMarVang-  inguredi  personnel.  This  includes  bjOthi  imT 
mediate  iatadMifeids.  and  alii  jpersons  who  succumbed:  within  MNd^s 
of  the  agtacki  This  deiirtition,  therefore,  corresponds  i|p.!|he 
aggregafcipni  ofi  iCasuaTties  ih  1 and  Zone  2 of  ETgyfe 

Personnei  dmWarhedi  andi  exposed  are  vulnerable  -to*  a.ihigh!  in- 
cidence of  ■thjmfi^4hju%  Segmentation  of  data  into  sevefei 
’blast,  severe  inu.cjllar'  >r.adiati'on,  and:  severe  thermal  ingu^ds.  iproS 
■vides  some  addi&idnali  >d6rrM'a>ion' itp  the  nature  andMgre.qtiefg.y  of 
inguties  Mpn|'i,6hd  supyiving  'pppulatio  Table  -C=-2’  §Hqhs-  IHsll'  l> 
segmentafeipnt,  The  sHtf bshima  cross-  sectipn’  data  ;pfpv.id|s.  added' 
ins  ight  4ntp>  ighf-  'hathfe  -0£  ihgurles  ajuorig  surviying-  'piflbngi'li- 
iEigufe  •G=5i  <cpS|idiefs  survivifig  inlufedi  personneis  She  >ghfje 
■ciissi-fi’cati'dhs  -pj  iS3-hty>  huciear,  blast,  ahdi  ifehermals.  Ihage  ibpeni 
fuf.ther  segneniddi  sfcp>  indicate  severe  injuries  as  a*  'SubciSsf.  ifpf 
each..  The  ■pccurfence  of  nwltipie  injuries  is  spreyaient,:  as-  is 
evidencednby- ighe  fiact  ithat  ihe  sum  of  individual  it^ufleS;  to *15081 
cases  is  -gfeatef  >6hah>  ihe  iptal.  Intuition  cphflrm|  (thi|^-  sSpr  if 
the  jpPJmlatiPh‘  4|  in-  an-  exposed;  .posture,  all  three  inliclfaf  ■effects 
are  ;pptenMal  d^sualty  iproducing  mechanisms. 


•k  ^ . 

'Because-  of  dl^ierences>  to- weapphi  design  and'  iheight  ipf  'bgrsfej, 

■radtotiphsdpse  idistances.  'for  Hiroshima  Cannot  'be  dlf eg^y*  (Cpfres 

lated!  »withi  itfte  Inf  omat  Lon-  .giveni  in.  Appendices  # gWl  :BV  >ReSuits. 

and'  cohcjiuslPni  are*  Pf  a*  general  nature  pnly. 
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HIROSHIMA  CROSS  SECTION 


TABLE  G-2.  SEGMENTATION; '01'  HIROSHIMA  INJURY  DATA 
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burns  and  less  than  2%  of 
body  area  with  3rd  degree 
burns. 


FIGURE  C- 5.  DISTRIBUTION  OF  INJURIES  AMONG  SURVIVING  EXPOSED  PERSONNEL 


The  occurrence  of  various  types  of  multiple  injury  was  tabu- 
lated from  an  analysis  of  the  Hiroshima  data.®  The  inability  of 
the  analysis  to  account,  in  Table  C-3,  for  a significant  fraction 
of  the  injuries  at  certain  ranges  points  up  the  tentative  nature 
of  the  analysis.  The  most  common  occurrence  of  multiple  injuries 
to  persons  in  the  open  was  thermal  and  nuclear  radiation  injuries. 
Bear  in  mind  that  injured,  as  used  here,  does  not  include  eventual 
fatalities.  Lack  of  a significant  occurrence  of  multiple  injuries 
including  severe  blast  appears  to  result  from  the  greate-  atality 
rate  among  this  group  because  of  the  additional  thermal  or  nuclear 
radiation  exposure. 


2.  Influence  of  Protection  Posture 


Data  is  also  available  from  the  Hiroshima  cross  section  for 
injuries  and  fatalities  to  various  segments  of  the  population 
found  within  a protective  structure.  The  most  protective  posture 
exhibited  in  the  data  is  for  seismic  reinforced  concrete  buildings. 
This  protection  approximates  the  blast  protection  of  military 
tanks.  If  allowances  in  the  Hiroshima  data  are  made  for  differ- 
ences in  nuclear  radiation  sources  and  transmission  factors,  the 
effects  of  nuclear  radiation  should  be  comparable  to  the  ase  of 
modern  weapons  and  the  protection  afforded  by  tanks.  The  influence 
of  this  protective  posture  is  to  decrease  the  incidence  of  casual- 
ties at  a given  distance,  as  shown  by  the  comparison  of  Figures 
C-4  and  G-6,  Blast  and  nuclear  radiation  become  the  dominant 
casualty  producing  mechanism  and  as  shown  in  Table  C-4,  multiple 
injuries  Occur  as  a combination  of  moderate  blast  injuries  with 
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Injured  persons  exclude  fatalities  that  occurred  within  the  first  90  days  after  exposure. 


100  i 


FIGURE  G- 6.  INCIDENCE  OF  INJURIESi  AND  FATALITIES  AMONG  PERSONNEL 
INSIDE  OF  SEISMIC  REINFORCED  BUILDINGS 


occurred  within  the  first  90  days  after  exposure 


either  moderate  or  severe  levels  of  nuclear  injury.  The  absence 
of  multiple  injuries  that  include  severe  blast  injuries  suggests 
that;  when  severe  blast  is  associated  with  either  a moderate  or 
severe  nuclear  radiation  injury^  the  results  are  fatal.  This 
latter  conclusion  is  supported  by  an  observed  high  first  day 
fatality  rate  of  70%  for  the  total  population. 

3.  Conclusions 

The  nature  and  occurrence  of  multiple  exposures  to  nuclear 
effects  is  sufficient  to  warrant  a high  priority  to  the  collection 
of  these  data  in  the  event  of  nuclear  combat.  Two  levels  of 
interest  are  specified.  First,  for  operationally  defined  casual- 
ties there  is  a need  to  understand  the  occurrence  of  various 
casualties  and  the  synergistic  effects  of  two  or  more  injuries. 
This  will  be  useful  to  understanding  target  defeat  criteria  and 
to  a possible  redefinition  of  nuclear  targeting  procedures. 

Second;  it  is  clear  that  between  the  military  sure  kill  and 
sure  safe  criteria  there  is  a wide  range  of  possible  injuries. 
These  casualties  will  influence  the  utility  of  the  concept  of 
bonus  damage.  Moreover,  with  respect  to  friendly  forces,  a 
better  understanding  of  these  injuries  will  assist  in  an  under- 
standing of  short-term  combat  capabilities,  unit  replacement 
policies,  and  hospital  loads. 
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